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INTRODUCTION 

This manual was prepared by the staff of the 
Chemistry Branch of the Department of Lab
oratories of the Naval Medical School to serve 
as a guide for Laboratory Students and as a 
working reference for both physicians and 
technicians iii the field of Biochemistry. The 
procedures and techniques contained herein 
were selected for their simplicity and accuracy 
and are in current use in the Laboratories of 
the Naval Medical School. 

)JJ ?J-:>·rhi·r,..._~)_ __ . 
M. W. ARNOLD 
CAPT MC USN 
Commanding 
U. S. N.-.val Medical School 
National Naval Medical Center 
Bethesda, Maryland 



PREFACE 

In recent years clinical pathology has been .rapidly 
expanding, especially in the field of clinical chemistry. 
~y procedures Which once were considered purely 
research in character, such as transaminase and ster
oids have been adapted to the routine clinical labora
tory. In addition, there have been many refinements 
and Improvements In techniques which have necessi
tated changes in time-honored methods. To adequately 
perform laboratory tests it is essential to have a basic 
understanding of sound laboratory principles, such as 
primary standards, methods of analysis, chemical 
balances, etc. These subjects are brought to attention 
In the first part of this manual and will prove extreme
ly valuabl-e to .medical technologists and residents in 
pathology. The authors are to be commendetl on the 
completeness and excellence of this manual on Clini.cal 
Chemistry. 

.. 

-~ 
ER, CAPT, MC, USN 

ector of Laboratories 
. s. Naval Medical School 

National Naval Medical Center 
Bethesda, Maryland 
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This Manual, in its original form and subsequent 
revisions, is the result of the combined efforts of 
both former and present members of the Staff of the 
Naval Medical School. 

"· • • • • • • most human activities advance 
by virtue of contributions from many dif
ferent types of individuals, with vastly 
different endowments, working at differ
ent levels. Medical investigation il no 
exception to this rule." 

Medical Research: A Mid
Century Survey 
Boston, Little, Brown and 
Company, 1955, vol. 1, p. 
xxxi. 
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JNT HODUCT ION 

This manual, In general, rcprct>cnlH the melhr><lH In use at the present UmP. In 
t.hls laboratory. Some me thods in usc In t.hc aulhor'H laboratory in l!J56 (Temple 
University Hospital, Philadelphia, Pa.) are included as alternate procedures. 

These methods derive from many sourc<.'s, most of which are referred to In the 
reference section for each procedure. Commonly, the exact procedure is slightly 
modified to accord with the requirements of this laboratory. 

The sections on general principles of chemical analysis will, it h; hoped, serve 
to help to encourage accurate, precise, and knowledgeable work in the laboratory. 
The material on interpretation should serve as a motivating link betwe'!n the labora
tory worker and the physician in their joint effort directed toward the diagnosis and 
treatment of disease. 

There are, undoubtedly, errors present in this manual, in typography and In text. 
It is hoped that these will be drawn to our attention so that they may be rectified. 

Glinical chemistry seeks by the analysis of biological fluids and tissues to aid 
the physician in the diagno.sls and treatment of disease. The laboratory cannot diag-: 
nose but it can aid in diagnosis; the laboratory cannot treat but it can help to guide 
the physician in his therapeutic efforts. The laboratory is responsible for prompt, 
rapid and accurate chemical analysis of specimens submitted to it for examination. 
In many cases, the physician can aid the laboratory by supplying certain information 
about th:e patient, such as previous pertinent medical history. 

ORGANIZATION AND CONTROL IN THE LABORATORY 

A clinidtl chemistry laboratory should be so staffed and organized that the inevi
table errors of .technique and of human fallibility will be immediately recognized so 
that steps may be taken to insure that: (a) U1e erroneous result will not be sent to 
the physician and (b) the source of the inaccuracy can be found. 

Each individual must be alert to the possibilities of error and when a mistake is 
detected, must be willing and eager to repeat the determination. A laboratory should 
never be so under pressure from excessive work load that adequate measures for in
suring the requisite degree of accuracy are neglected . . It is -~evitable that errors in 
solution preparation, analytical technique and in the calculati0:'l of results shall occur; 
it must be made inevitable that these errors be detected ami remedied before they are 
translated into tragedy for the patient. It can never be as se-rious .for an analyst to 
admit a mistake as it Is for the patient to experience the T\~;; •>ltS of the mistake I 
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Therefore, It should be evident that the analyF>t muRl be completely honest in 
the obtaining and the calculation of data, not only with his fellow-workers, but also 
wiUl himself. This is always difficult; the one person easiest to deceive Is one's own 
self. Always remember: your technique may be perfect, the method or solution may 
be at fault . 

In this laboratory, results are never given to any person other than those in im
mediate charge of the care of the patient: the doctors (the attending physicians) and 
the nurses. Any others desiring information should secure It from the physician in 
attendance. Also, the interpretation of results in the laboratory should not be made 
by the technician except by repeating printed values of normal ranges which are avail
able. Remember--the laboratory cannot diagnose I 

The next few paragraphs are taken from "A Curriculum for Schools of Medical 
Technology" by Israel Davidsohn, M. D., who Is Director of Laboratories and Path
ologist at Mount Sinai Hospital, Chicag~ . Illinois. 

LABORATORY DISCIPLINE 

It should always be remembered that any consideration of medical technology just 
as of medicine in general must be approached from the viewpoint that the final goal of 
all wo-rk is service to the patient. The patient is the center; everything in medical 
work-and medical technology is a part of it-revolves around the patient. 

This makes it easy to understand the need for discipline in the medical laboratory, 
which can be likened to a ship on the ocean:. Just as the captain of the ship cannot b'e 
held responsible for his task unless there is rigid discipline, so must there be dis
cipline in the laboratory if the pathologist is to do well his part of the medical service 
to the patient. 

The technologist must realize the essential need of laboratory discipline; he must 
be ready and willing to adapt himself to the organization of the laboratory, although it 
may sometimes entail personal hardship and inconvenience. Those who cannot or will 
not do it should keep away from medical work of any kind. 

THE EMERGENCY IN THE LABORATORY 

There are occaalons:. ratller frequent ones, when the life of a patient depends on 
the results of laboratory tests, on their accuracy, on the speed with which they are 
performed and on tfleh~ interpretation. The interpretation Is entirely within the scope 
of activities of the pathologist, as has been stated already. The accuracy of the results 
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and the speed of performance arc two aupccts of laboratory work for which the medical 
technologist is reapon~:~ibl(•. In hls training t.hcse two features must always be remem
bered and emphasized. Medk:ll technologists must be trained in school and long after 
they have completed their undergraduate education--to be ready to face laboratory 
emergencies with knowledge, with mastery of technic, with a cQol mind and solid 
judgment, and with a readiness to serve at any hour of the day or night, on Sundays 
and holidays, regardless of inconvenience and hardship. 

This is a part .of the medical ethics of the medical technologists in its broad con
cept, just as it is a part of the medical ethics of the physician. 

METHODS OF ANALYSIS 

This manual presumes that the laboratory technician has a basic knowledge of gen
eral chemistry and its laws. The Handbook of the Hospital Corps, U. S. Navy, 1953, 
contains an excellent section on the basic laws of chemistry. The special basic chemi
cal principle of each individual determination is outlined as each method Is presented 
in the manual. 

There are four general methods in use in chemical analytical laboratories. Thes~ 
are: 

1, Gravimetric methods in which the estimation ls made by weighing an isolated 
purified substance, which tnay have been originally present f.n the sample or formed 
by a reaction. 

2. Volumetric (titrimetric) methods which are based on the measurement of the 
volume of a reagent used up during the reaction with a measured amount of sample. 

3. Colorimetric methods in which the amount of colored material present or 
formed by a reactioQ. is measured by light absorption techniques. 

4. Gasometric methods in which the amount of a gas present or produced by a 
reaction is measured either by 

a. Measuring the volume at known conditions of temperature and pressure 
and water vapor saturation or 

b. Measuring the pressure at known volume, temperature and water vapor 
saturation. 

The apparatus commonly used in these gasometric methods for clinical pro
cedures are respect.ively (a) the Van Slyla: volumetric and (b) the Van S~ke mano
metric apparatus. 

Most of the methods used in laboratories today are colorimetric, one or two are 
gasometrlc, a number are volumetric and almost none are gravimetric. 
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An a~t;llytlcal cht•mtcal method to be used Jn a routine cHnJcal chemistry iabora
t('f~ inust meet the following requirements: 

1. It muAt be accurate enough and precise enough for clinical interpretation. 

2. It must require a sample small enough to be obtained without harm to the 
pathmt. 

3. It must give .results ·in a short enough time that they become clhtically useful. 
A rapid method often is of much greater value to the physician (and "to the patient!) 
even though it may be lese precise than a slower one. Every laboratory of necessity 
often chooses reluctantly between accuracy and speed and accepts the compromises 
inherent In such a choice. 

Volumetric and Colorimetric methods will be discussed further here. Gravimet
ric methods wlll not be discussed further as a method of analysis, but since the weigh
Ing of materials in the preparation of solutions is a very large and important part of 
laboratory work, the use of laboratory balances will be further discussed below. 

GENERAL CHEMICAL TECHNIQUE 

Quantitative analysis differs from qualitative analysis not only in its ultimate ob
jective but in the details of manipulation of the analysis. Quantitative analysis requires 
great care to achieve the precise measurements necess:-ry to accurate determinations; 
whereas, In qualitative tests, rather large errors In measurement affect the results 
only very sligqtly. 

The recommendations and general rules which will ~>e noted here are for the pur
pose of iilcreasing the accu,racy and precision of the individual methods collected 
herein. The acquiring of skill in chemical technique is much like learning to drive a 
car or to play the piano. The purpose is to achieve accuracy in a chemical determina
tion and rules are set up to help to do this. Also, Uke learning these other skills, the 
time will come when the separate rules are fo~;gotten but the Integrated technique 
remains. But bad habits as well as good ones can be learned, so at the beginning of 
your instruction, follow to the letter the rules which are outlined for you; always, of 
course, looking for the reason behind the rule. · 

CHEMICAL BALANCES 

The determination of the weight (mass) of a substance is one of the fundamental 
physical measurements. In clinical chemistry, a number of different types of 



balances are used dependlnr~ upon (1) the accuracy required In the measurement and 
(2) the total mass which Ia to be weighed. 

't'hese two factors nrc somewhat Inter-related-the most sensitive balances being 
designed to handle only very llmltcd lo:tds-lhe less sensitive being designed to handle 
greater loads. It Is possible, but difficult, to design and construct a balance to be 
both highly sensJtlve and able to handle great loads (large capac;ity). 

Types of Balances 

It Ia Important to choose the type of balance required for a . given job. If we de
sire to weigh out 10 g. of material with a required accuracy of only 0. 6 g. then we 
should use a trip balance, accurate to about 0. 1 ·g. ; the analytical balance should not 
be used since its accuracy is excessive (0. 0001 g.}. 

1. The analytical balance (Figure 1, p. 5a). This is the most sensitive of the com
monly used balances. It is used in the preparation of standard solutions and wherever 
accuracy to one milligram or less is required. The load capacity is about 100-200 g. 

2. The prescription .balance (Figure 2, p. 6a). This type of balance has a load 
capacity of about 100 to 200 g. and is accurate to about 10 mg. (0. 01 g.) It is common
ly a torsion type balance-depending on the twisting of a wire or a steel tape-and con
taining no knife edges. Its relatively great sensitivity also requires (as does the anal
ytical ~alance) that the pans be protected against air currents during weighing. 

3. The trip balance (Figure 3, p. 6a). This is a most useful balance. It bas a 
load capacity of about 2000 g. with a sensitivity of about 100 mg. (0.1 g.). It is 
equipped with separate weights and a sliding beam weight or with an adjustable beam 
weight plus u slider. 

4. Triple-beam balance (Figure 4,p. &a). This is a very convenient type of bal
ance for general weighing in the laboratory with a capacity up to about 200 g. and a 
sensitivity of about 10 milligrams. It has only one pan, attached to the short arm of 
a beam with arms of unequal length. On the long arm, the beam has three graduated 
wetght scales located in a single horizontal plane, each carrying its own attached 
rider, two of the scales are notched and the third is equipped with a sliding rider. 

6. The solution balance (Figure 5, p. sa). This is of use where large volumes 
of solutions are being prepared. It is equipped with a sliding beam weight for taring 
a beaker or other container, as well as separate weights and sliding beam weights. 
It has a capacity of 20,000 g. (20 kilograms) with a sensitivity of 1000 mg. (1 g.). 

There are numerous special types with varying capacities and sensitivities for 
special uses. 
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Figure 1. Analytical Baluco 
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Care and Maintenance of ~l!'l__!anccs - Qcm~ral Principles 

1. Dahu\ces arc, In mo1:1t Instances, con~:~lructcd with a rtgld horizontal beam 
(or lever) wHh the two arms of equal length (except in the case of the triple beam (4) 
and the solution balance (5) above) , with two pans suspended at the ends of the beams 
on ·knlfe edge supports. The center of t.he beam, the fulcrum, is another knife edge 
lying in the same plane but above the center of gravity of the system. 

2. These knife edges and the plane surfaces on which they rest. during the weigh
ing operation are the most vulnerable points ln a balance. The balance should always 
be treated with gentle care so 'as to protect these points of strain. 

Analytical and triple beam balances have devices which allow the knife edges and 
the plane surfaces on which they rest to be separated very slightly whenever objects 
are placed on or removed from the pans. During Urnes when the balance is nof in use_, 
the knife edges should be lifted from the plane bearing surface to prevent wear. The 
beam should always be lowered slowly and·carefully. 

3. Most balances must be level for accurate work and are equipped with plumb bobs 
or spirit-levels of some -description which should be checked before any weighing is done. 

4. Balances should be located away from exposure to direct heat such as radiators 
or direct sunlight and should not be exposed to blasts from fans or other sources of 
rapidly moving air. 

All objects must be at the temperature of the balance room before they are weighed. 
Warm or col~ objects produce currents of air in the balance case which interfere with 
accurate weighing. 

6. Substances should never be weighed directly upon the pans of any balance. In
stead, special "weighing paper" or tared watch glasses or beakers should be used. 
The balance should neve.r be exposed to corrosive fumes. If possible a separate room 
should be used to avoid this. When corrosive substances muc1t be weighed, they .should 
be in a closed weighing bottle. 

Special Precautions for the · Analytical Balance 

1. Never place on or remove from the balance pans any weight or vessel without 
"arresting" the balance; that is , raising the mechanical supports so that the knife 
edges no longer touch their bearing surfaces. 

2. The beam and pans must be released gently to avoid injury to the knife edges. 

3. The balance must never be left with the case open or with the beam .unsupported, 
The rider should be left at the zero position. 
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4. De careful to avoid spilling materials on the pans or on the floor of the balance 
case. If this happens, remove at once by dusting carefully with a camel's hair brush. 

5. Never set on the p:tn any vessel having moisture or chemicals on its outside 
surface. Corrosion may otherwise ensue. 

Operation of Balances (other than the analytical balance) 

There is usually some device to Indicate the neutral or zero point of the balance. 
The indicator should be centered on the zero point at the beginnlug of weighing and at 
the end of the weighing. 

Problem: To weigh out 10.5 g. sodium chloride, using the trip balance. 

1. Make sure that the balance is level and the adjustments are made so that with
out any weight on the pans on either side that the indicator is at rest at the zero point. 

2. Place a clean dry watch glass on the left pan. Now using the tare beam, or a 
~imilar watch glass and glass beads placed on the right pan, bring the balance back to 
indicate the zero point. At this point, the container is said to be "tared." 

3. Now place weights totaling ten grams on the right pan, and adjust the beam 
scale rider to read 0. 5 g. (In some balances there are two beams with a large and a 
small rider to eliminate the use of loose weights.) 

4. Add sodium chloride, by spatula, to the watch glass on the left pan; until the 
indicator again reads zero, indicating that there is now 10.5 g. of NaCl present. 

5. Each balance has its special devices and these should be noted for the most 
efficient use of each instrument. 

Care of the Weights 

An instrument of extreme precision is of little use without a set of accurate weights. 
The weights should be just a shade more accurate than the sensitivity limit of the bal
ance, with which they are to be used. There is little point in using analytical grade 
weights on a trip balance. Conversely, there is little poirt in using crude weights with 
an analytical balance. 

Analytical (and indeed all) weights should be treated with great respect and with 
intelligent care. They should be always kept in a suitable box, each weight in its own 
proper place. The weights should be removed from the box or from the pan of the bal
ance with a set of forceps, never with the fingers. They should never be left on the 
balance pans. If a particular weight has lost its polish or lustre do not attempt to res
tore it. In many sets of weights the following values are found: 
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50 g., 20 g . , 10 g., 10' g., 5 g., 2 r,., 2' t~ · · 1 ({., fJOO mJ~ .• 200 mt~ · · 100 mJ~ .. 100 1 mg., 
50 mg., 20 lllJ~ •• 10 tnt~ · · 10' Ill(~ •• and a rider equivalent f.o a 10 mg. wel~ht. The rider 
is q.sually a piece of platinum or aluminum wire looped ,;o that 1t rcata securely on the 
graduated beam and can be moved conveniently by a special rod provided for the purpose. 

Weighing by Swings 

Determination of the zero point: The pans and then the beam are carefully re
leased, so as to allow the beam to swing freely, with an. excursion of the pointer of 
about five or six divisions from the midpoint of the scale. Readings are then taken 
of the extreme points on the scale reached by the pointer in swinging-- the " turning 
points , " Two readings are taken on one side of the middle line and. one on the other. 
The first one or two swings are always neglected. 

Example: After the pointer returned from its swing to the left, the following 
"turning points" were recorded: 

Left 

6. 2 divisions 
6. 0 divisions 
6. 6 divisions 

The turning point on the right corresponding to the 5. 2 on the left is the mean of 
the two readings on the right, --or 5. 8 divisions. Note: that in this case, the turn!Qg 
points are not equidistant from the middle point. (If they had been, the zero point would 
have been at the middle point of the scale.) If magnitudes to' the left are given a nega
tive sign and to the right a .positive sign, the true rest point is their algebraic sum 
divided by ·two; thus : 

-5.2 f 5.8 
2 

= f 0. 3 divisions 

The zero point is thus 0. 3 divisions to the right of the middle line. This is the point 
at which the pointer would stop if it were allowed to come to a stop undisturbed. 

This ~arne procedure is used in actual weighing to determine the exact tenth of 
a mHltgra~ (see ~low). 

Y{etghing by swings: In weighing on the analvtJ.cal (or ot:her) bal;~nce the substance 
or weights can be added or removed until the original zero point ls re-attstlned. Thill 
is a tedious process when weighing to tenthS of a mllllgram. l'duch Ume .:t~a be saved 
by estimating tenths of a milligram by noting the amplitude of the swings ~15 above. 
Weight is ·added to the right pan and the rider adjusted until the pans are balanced 
within one milligram. The rest point is then determined as above for the zero point , 
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The posltlon of the rider is then shifted one mllllgram and the res.t point is once more 
determined. The weight at the zero point is now determined by calculation as lllustra
ted in the following example: 

A coin (a U.S. nickel) was placed on the left pan of a balance with a zero point 
(previously determined as above) of 1- 0. 3 (the plus notation is used for values to 
the· right of the midpoint of the scale) . Weights placed on the right pan amount to 4. 99 g. 
and the rider is located at 8 milligrams to bring the balance within 1 milligram .of equUi
brium. With the weights totaling 4. 998 g. the rest point is now determined to be located 
.at /-1 . 5 divisions. (1. 5 divisions to the right.) 

The rider is now shifted to the 9 milligram point on the beam. With the weights 
now totaling 4. 999 the rest point is found to be located at -0.8 divisions (0. 8 divisions 
to the left). 

Our data are therefore as follows : 

Zero load- zero point is /-0.3 
Total weight 4. 998, the rest point is /-1. 5 
Total weight 4. 999, the rest point is -0. 8 

Calculation: One milligram produced a shift from /-1. 5 to -0. 8, which is 2. 3 
divisions; that is, a change of weight of 1 milligram is equivalent to 2. 3 divisions. 
This value is known as the sensitivity, and varies slightly with the load. The zero 
point does not vary with load. 

The additional weight needed to move the pointer from a rest point of 1- i. 5 to 1-0.3 
is the weight needed to move the pointer 1. 2 scale divisions. .;. 1. 6 - (t 0. 3) = 1. 2 
Since each milligram moves the pointer 2. 3 scale divisions then 1. 2 • 0 . 52 mg. re-

2.;3 
required to bring the rest point to exactly 1-o. 3. 

Therefore, the nickel weighs 4. 998 1- 0. 00052 : 4. 99852 g. 

The calculation can also be made from the other direction as follows: 
Total weight 4. 999 rest point -0.8 

zero point 1-0.3 

The weight must be reduced sufficiently to change the rest. point from -0. 8 to /-0. 3 
A change of 1. 1 scale .divisions. 1. 1/2. 3 = 0. 49 mg. 

Therefore the nickel weighs 4. 999 - 0. 00049 = 4. 99851 g. 

Note: 
--When a precise amount of a chemical must be weighed out, it is advantageous to 
use a prescription balance to approximate the amount needed. The weighing may then 
be completed precisely on the analytical balance. 
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Some balances are equiPlx~d with dampers, either air cylinder or magnetic so that 
the osctllation may be reduced to one or two swings. This ·makes it possible to read 
the rest point directly instead of uslnr, the calculations indicated above. Otherwise the 
procedure ls essentially ·identical. 

Chain-0-Matic 

Some balances are arranged so that a hanging chain with a variable loop size can 
be used as a substitute for the rider. These devices speed weighing at very little sacri
fice in accuracy and precision. There are many variations in the application of the 
rider principle and supplementary weights. Each balance should be studied before use 
to obtain the greatest advantage from these devices. 

Calibration of Weights 

For the greatest'accuracy, the weights used with an analytical balance should be 
callbrated so that corrections for the inaccuracies can be made. Details of this pro
cedure can be found 1n books on qualititatlve analysis or in the following articles:. 

Richards, T. M., J. Amer. Chem. Soc. , ~ 144 (1900) 

Blade, E., Indust. and Eng. Chern., Anal. Ed., 11, 499 (1939) 

Ainsworth, A. W., Indust. and Eng. Chem., Anal. Ed. , .!!• 672 (1939) 

Craig, A., . Indust. and Eng. Chem. , Anal. Ed. , .!!, 581 (1939) 
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VOLUMETHIC ANALYSIS 

Volumetric de fin It Ions: ----- -

A molar solution of any chemical compound is a solution oT such concentration that 
one lltt•r contains one gram molccula r weight of the compound; e. g., the molecular 
weight of llClis 36,46 g. A molar solution of IICl contains, therefore, 36.46 g. of 
HCl per liter; a molar solution of H2so4 (Mol. Wt. 98, 06) contains 98.08 g. per liter 
of solution. 

A normal rolution of any compound is a solution which contains ohe gram atomic 
weight (1. 006 g.) of reacting hydrogen per liter, or one which can quantitatively re
place or react with an equal volwne of such a solution. The fraction of a gram-mole
cular weight in a liter of normal solution (containing a gram-equivalent weight) de
pends upon the reaction for which the substance is· used. A normal solution of H2so4 , 
with a molecular weight of 98. 08, contains 49. 04 g. per liter, because of the presence 
of two reacting hydrogen atoms per molecule. 

In acid-base (alkali) titrations, a normal acid solution contains per liter the amount 
of acid which has 1 gram atom of hydrogen replaceable by alkali (base) at the pH used 
as an end point in titration. 

A normal alkali solution is one which neutralizes, volume for volume, a normal 
acid solution. A normal solution of NaOH is molar but a normal solution of Ba(OH)z 
is half molar. 

In oxidation-reduction reactions, a normal reducing solution is one of whic·h a liter 
contains 1 gram atom of oxidizable hydrogen or its equivalent in other reducing sub
stances. Oxalic acid, H2c2o4 , has two hYdrogen atoms, both of which are titratable 
with alkali, and both of which are oxidizable by permanganate. Thus a normal solution 
of oxalic acid whether for .acidimetry or for oxidation by permanganate, is half molar. 

A normal oxidizing solution is one of which a liter will oxidize 1 gram atom of 
hydrogen, or its equivalent of other reducing substances. 

Volumetric apparatus and its use: 

In volumetric analysis, cylinders, flasks, pipets and burets and other glassware of 
various types are used. These consist of containers very accurately graduated either 
"to contain" or "to deliver," very accurately, a certain volume of solution, usually 
aqueous. Measuring cylinders are graduated in milliliters and are used for measure
ments where a high degree of accuracy is not required, and when properly used, are 
suitable for many o"teasurements. For good work, one should always attempt to obtain 
the greatest accuracy possible with the instrument at hand. All apparatus for accurate 
work should be calibrated by the _chemist himself. 
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In order to obtain satisfactory re~:;ultH In the mcaHurcnwnts of liquids in such 
Vt's~cls, 1t is 1\<'l'CSHary to learn to t·cad the mcniHcu::~ properly. With tranRparent 
solutions the bottom of the meniscus is read; wllh deeply colored and non-trans
parent solutions, such as strong pcrman1~anate sol1Jtlons and blood, the reading Is 
made at the top of Ute column of fluid, In maldng a reading of the volume in a buret 
or flask, it will be found that as the eye is raised or lowered the apparent position 
of the liquid meniscus alters. To avoid such errors (parallax) the reading must be 
made with the eye at the level of the top of the column of fluid. Most vessels have 
graduations which completely encircle the tube or neck to help eliminate. errors due 
to parallax, 

Cleaning of apparatus: 

Detergents: There are many non-ionized, synthetic detergent produds available 
which do an excellent job of cleaning glassware. Their efficiency is increased many
fold if used hot. There is a tendency to use too concentrated a solution; about a 1% 
solution of most products works very well. 

"Cleaning solution": One of the most efficient solutions used for the cleaning of 
volumetric g~assware is composed of various concentrations of sulfuric acid satura
ted with a dichromate salt but 1t must be handled with the greatest of care since it is 
an oxidizing acid solution and attacks and destroys skin, clothes, desks, floors and 
books, etc. It should btl chosen for use only after detergents have been tried and 
found wanting. 

I. K
2
Cr 2o7 . . • • . • . • • • • . . . • • • . • • • • • . . . 100 grams 

Concentrated sulfuric acid (tech.) . • . 250 ml. 
Water .......................... , .. 750 mi. 

Note: The concentrated sulfuric acid should be poured into water. 

ll. Na
2
cr2o7 . 2H20 ......•........ , • . . 200 grams 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 ml. 

Dissolve, cool. Pour into this solution with continual stirring 1500 ml. 
of concentrated H2so4 (tech. grade). This . cleaning mixture is strong 
and more dangerous and should be used only with dry glassware since 
salt precipitates out if it is diluted with water. 

The purpose of special cleaning procedures for volwnetric glassware is to main
tain the apparatus free from grease which when present causes the surface of the glass 
to be "non-wetting" and droplets of aqueous solutions then will collect on the surface 
rather than spreading in the thin film which is essential to accurate results. If the 
failure to "wet1' is due not to grease but to "silicones" the problem of removal be
comes more difficult. The use of alcoholic KOH overnight may be helpful. 
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After use of any of the above, the cleaned apparatus should be rinsed many times 
with tap water and finally several times with small amounts of distilled water. During 
the rinsing, Ute fingers should be kept off the cleaned inside surfaces which are of vol
umetric importance--fingers are greasy and will easily contaminate the cleaned glass
ware so as to require re-cleaning. 

Drying of apparatus: 

Sometimes it is desirable to dry the apparatus quickly. This can be ·done (a) by 
rinsing with alcohol, followed by ether, or (b) by rinsing with acetone or (c) by heat. 
In any r.ase, use. of a current- of air hastens evaporation. Note, however, that these 
p·rocedures are desirable only when the apparatus must be dry. UsUally it is better 
just to rinse the apparatus with some of the solution to be measured, if sufficient sol
ution is available. Rinse several times with small amounts of solution, allowing good 
drainage between rinses, Three rinsings with 5 ml. are better than two with 10 ml., 
or one with 30 ml. When air is used for drying ·it must be clean. A drying oven is . 
very convenient for large numbers of apparatus but is somewhat slow. It must be set 
at a temperature above the boiling point of water for useful application. It has recent
ly been shown that heating pyrex volumetric apparatus (volumetric flasks and pipets) 
to very high temperatur~s (300°C.) does not impair their accuracy to a degree notice
able in the clinical chemistry laboratory. J. Chern. Ed. 33, 609 (1956). 

Common volumetric glassware: · (See Fig. 6- 13, pp. 13a, 14a) 

1. Graduated cylinders are relatively inaccurate measuring devices and are used 
for situations in which accuracy of a high order is not required. They can, however, 
be used very conveniently for the measuring of 24-hour urine volumes of 500 to 2QOO 
ml. where th~ accuracy afforded is quite sufficient. 

2. Volumetric flasks are designed to allow accuracy to one part in a thousand 
(0.1%). They are flat-bottomed, pear-shaped vessels with long narrow necks. The 
U. S. Bureau of Standards has issued bulletins outlining the requirements which they 
recommend for the highest accuracy and most manufacturers comply with these rec
ommendations. The long narrow necks make it possible to adjust the final total vol
ume with ease and precision. The neck is encircled with a thin line indicating the 
capacity of the vessel to that mark, at some definite temperature usually 20°C. In 
volumetric flasks the mark usually indicates the "contained" volume. In some older 
German flasks two marks have been made, indicating a "to delivez:" and a "to contain" 
calibration. Most flasks of recent origin have only a "to contain" calibration. 

Volumetric flasks are used to prepare solutions of substances so as to have a 
certain known concentration. The required (calculated) amount of the substance is 
weighed or measured out and transferred to ·the flask, water is added to about 1/2 of 
the volume of the volumetric flask. The substance is completely dissolved, the vol
ume is made up to the mark, avoiding parallax and completely mixed. It is good prac
tice to invert, and mix at least ten times after bringing to volume. 
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Mild heat may be used in aome c:weH to speed the dlsuolvlng but the ftnal adjust
ment to the mark should be made only after coolin~~ to the calibration temperature. 

In no case should the pre pared oolutlon be stored in the volumetric flask since 
they are subject to breakage and etching. Volumetric flasks are not inexpensive, 

3. Pipets arc cylinders drawn out at one end to form a delivery Up and at the 
other to form a mouth-piece (since the pipet is usually filled by mouth suction). They 
are gradtmted at a single mark on the upper limb of the pipet to fix the volume of · 
fluid which will be delivered under certain specified conditions. Some pipets have 
many subdivisions and are employed for measuring out variable amounts of fluid. 
These are of lower accuracy. 

a. Transfer pi~ta (Fig. 7, p. 14a) are calibrated to deliver a certain vol
ume of fluid. The accuracy possible is of the same order as volumetric flasks (0 . 1%). 
In order to attain this accuracy the orifice must be of such a size that the outflow of · 
the fluid is not too rapid for otherwise alight differences in drainage time give large 
variations in delivery volume. The Bureau of Standards has also set up requirements 
for this type of pipet. 

b. Measuring pipets (Fig . 8, p. 14a) or "Mohr" pipets consist of a cylinder·of 
uniform bore calibrated with multiple graduations; they have a lower order of accur
acy and are made to deliver "between marks." That is, they are not allowed to drain 
to the tip but the measurement Is made between two marks on the pipet. 

c. Serological pipets (Fig. 9, p. 14a) are not as accurate as transfer pipets and 
are used when their margin of error will not affect the results of the determination. 
Both the measuring pipet and the serological pipet are graduated assuming that the 
internal bore is of uniform diameter and this Is not always true. Tltratlons should 
never be made using measuring or serological pipets. They are usually "blow-out" 
pipets and are designed to deliver as noted below under Ostwald-Folin type. 

d. Ostwald-Folln pipet (Fig . 10, p. l4a) is a pipet especially designed with a 
large oval bulb and a short delivery tip so as to minimize the effects of viscous sub
stances in the measurement of the fluid volume . It is used in the measurement of 
blood, serum or plasma. It is calibrated to deliver "by blow-out." That is, the pipet 
is allowed to drain to the tip and then the .small amount of fluid that remains 1n the 
tip after drainage is expelled by closing the upper end with the forefinger and warming 
the bulb by gripping it with the palm of the other hand. The warmed air expands and 
forces the last drop out of the tip which is held against the side of the receiving vessel. 

e. Capillary pipets (Fig .. ll, p. 14a) are usually calibrated "to conta.ln" and 
should be rinsed out thoroughly 6-8 times with the diluting fluid used in the particular 
determination being carried out. 
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{. "F'oljn-Wu" pipds (Fig. 12, p. 14a) arc a H(,ccJal type of mea~.>uring pipet de
signed to measure Ute fluldti Involved in the preparation of the tungstlc acid protein 
free filtrate (p . 76), It is designed to drain to the tip and is not a "blow-out" type. 

4. Burets (Fig. 13, p 14a) are graduated tubes with a uniform bore which are used 
for measuring the volume of solutions ln t.Jtrations. They are available in many sizes, 
of which perhaps the 50 ml. capacity is the most commonly used, Micro-burets a,re 
those with a total volume of 5 or 10 mi. down to those of 0. 1 ml. total volume. 

They should be thoroughly clean before use so that a uniform film of liquid 
remains on the walls when the liquid is allowed to flow out. Care should be exersised 
in reading a buret to place the eye on a level with the lower part of the meniscus of 
the solution, so that parallax will not introduce serious errors. In measuring with 
the buret always allow one minute to elapse before taking a reading. This allows 
time for drainage from the walls of the buret. 

Outlet valves to control the flow of liquid from burets are in general of two 
types: (a) a ground-glass stopcock which gives excellent control and can be used with 
most solutions although strong alkali solutions tend to etch .and "freeze" the stopcock 
if they are allowed to remain for long periods; (b) a rubber tubing connection between 
a glass tip and the end of the buret is the main second type. The control is effected 
either by a pinch-clamp or by a glass bead which obstructs the lumen of the rubber 
tubing and is controlled by a pinching of the rubber to one side of the glass bead, to 
produce a slight crease through which liquid can flow. 

Gla~a stopcocks require some care in lubrication in order that they may give 
good service and still avoid undue plugging of the bores. A minimum of lubricant 
should be used. The stopcoc):t with its adjoining connections must be absolutely clean 
before it is lubricated. Commercial pipe cleaners are useful in cleaning connections 
and bores. Old grease may be removed by scrubbing with a little ether. Lubricant . 
which enters the bore of the stopcock must be removed. Such entrance may be mini
mized by applying only a minimal amount of. grease in a ring about both ends of the 
stopcock and working this in by turning the core back and forth in its casing without 
complete rotation. A well lubricated stopcock should appear transparent throughout 
and should turn with perfect ease. Excessive pressure should not be exerted on the 
cock during lubrication or in the subsequent use of the apparatus. Such pressure tends 
to drive out the lubricant and to wear out the cock. If bits of lint or other foreign 
materials are left between the core and casing, they will etch the cock during lubrica
tion and cause channels with resultant leakage. 

Micro-burets are of many different types. The syringe screw burets are very 
convenient and many use a micrometer caliper with a plunger to force and to mea8ure 
the delivery of the fluid. The micrometer scale is then used in reading. 
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Notes: 

"Blow-ou(" type pipets commonly are Identified by an etched or sandblasted ring 
near the upper end. 

One should always inspect the markings on a buret or pipet carefully to determine 
the capacity, the type, and especially the calibration intervals. Both burets and pipets 
are calibrated to deliver water, and will not deliver with equal accuracy fluids that dlf
fer greatly from water in viscosity, cohesion or surface tension. When water is run 
out of a buret or pipet, a film of liquid remains adherent to the walls. The more rapid 
the rate. at which the vessel is emptied, and the greater the viscosity of the fluid, the 
thicker this film wUl be. In order to deliver amounts constant even to within one part 
per hundred, lt is necessary that the surface of the liquid descend in the vessel at a 
sufficiently slow and steady rate. In this w:-ty the residual film will be thin and constant. 

Precautions~ the Use of Pipets: 

1. Never insert a pipet into the stock reagent bottle. If the pipet is dirty or some 
untoward incident occurs, the entire stock of reagent may be ruined. Instead, pour 
some solution out into another container (a beaker or test tube) and pipet from this. 
Discard the excess reagent-~ return 'the excess to the stock bottle. 

2. The pipet must be clean and show no droplets on the wall after draining. 

3. Before use the pipet must be dry or rinsed three times with the solution it is to 
measure. 

4. Do not pipet poisonous or corrosive reagents without safety devices such as a 
long rubber tube between mouth and pipet. 

5. F111 the pipet to above the mark with the solution to be transferred, using gentle 
suction with the mouth and then close the upper end of the tube with the dry index finger. 
The Up of the pipet is then wiped off to remove any adhering droplets, and the soluUon 
Is then allowed to flow out slowly with the pipet held in the vertical po~ition, until the 
meniscus coincides with the mark, and the tip is then "touched off" to the side of the 
vessel. The pipet is carefully moved to the delivery vessel and the fluid allowed to de
liver freely with the Up in contact with the inclined wall of the vessel. After free out
flow has ceased, keep the Up in contact with the wall for about fifteen seconds. 

6. If the pipet is the blowout type expel the fluid in the tip as outlined above under 
the Ostwald-Folin pipet. If it is the "to contain" type it must be rinsed out as outlined 
under that type. 
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Volumetric analysis - ~~cncral pl'lnclple1:1: 

In volumetric :Utalysis, one solution (generally ln a buret) is added to a carefully 
measured volume of another reagent, in a beaker or flask. The addition from the buret 
is continued until the rcactlon is seen to be complete. This is known as the "stoiciuo
metric end-point" or merely as the "end-point" of the titration. It ls usually indicated 
to the analyst by a rapid change of some sort pccurrJng Jn the solution such as a change 
of color, turbidity, etc. Very often, the change is due to a change in an auxiliary re
agent known as an "indicator" which has been added for the purpose. In other cases the 
end point may be indicated by the appearance of an excess of the Utrat;ing substance in 
the solution being titrated. The titrant itself is thus serving as its own indicator. 

In acid-base titrations the indicators are weak acids or bases which have a different 
color in the form of their salt. In oxidation-reduction indicators, the oxidized form of 
the indicator has a different color from that of the reduced form. The choice of an indi
cator will depend upon the particular reaction being carried out and it should indicate 
the point of chemical equivalence of the two reactants - that is the "stoichiometric end
point." 

For acid-base reactions it may be said that, in general, the indicator should show 
its color change at an acidity (or alkalinity) corresponding to that of a solution of the 
pure salt formed in the titration. For example: the pH or -log(Hf), (which is a measure 
of the acidity of the solution) (see page 40) of a 0. 05 N solution of sodium acetate which 

. ·-is the product of the reaction of 0. 1 N NaOH and 0. 1 N CH3COOH (acetic acid) is about 
8. 8, slightly on the alkaline side of acid-base neutrality (pH 7). Therefore, to attain 
stoichiometric or chemical equivalence at the end-point, we should choose· an indicator 
such as phenolphthalein which changes color close to 8. 8 (instead of one changing close 
to pH 7). 

In the case of the titration of 0.1 N HCl with 0.1 N NH40H, the solution at the stoich
iometric end-point will be 0. 05 N NH4Cl with a pH of about 4. 6; the indicator of choice 
here ls one that changes color on the acid side of acid-base neutrality close to 4. 6 so as 
to achieve stoichiometric equivalence at the end-point. Methyl orange or methyl red are 
such indicators. The choice of an indicator is not always a simple matter. It is best 
to use the indicator recommended ln the procedure used, if at all possible . 

Volumetric standards, like volumetric measuring apparatus, can be accurate to one 
part in 1000. For convenience in computation, concentrations of solutions are expressed 
tntermsofnormality, i.e., 2N, 0.5N, orO.OlN. ThecapitalN, underlined, isthe 
usual abbreviation for normal. For further definitions see p. 11. 

A given number of ml. of any solution is equivalent to the same number of ml. of 
any other solution of the same normality if it is used for the same type of reaction. 
Thus 1 ml. of 0. 5 N HCl is equivalent to 1 ml. of 0. 5 N KOH and equivalent to 1 ml. 
0.5 N n2so4 because each is equivalent to the same amount of hydrogen. If one has a 
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solution of t'llhcr acid or allmli who~JC twt·mallty is known, the 6Lrcn~th of other acids 
and alkalies c:Ul be determined wiLh ease. 

Since the molecular wci~ht of IICl is 36.46 and of NaOII Ia 40. 00, lt follows that 
36.46 g. of IICl contain the same number of molecules as 40.00 g. of NaOH. If 36.46 g. 
HCl and 40 . 00 g. of NaOH arc each dissolved in water and diluted to exactly one liter, 
each liter will contain the same number of dissolved molecules, and each ml. will con
tain the same number of .molecules. The two solutions are equivalent to each other and 
are each 1 (one) normal in concentration. 

The HCl is 1 (one) normal because it contains 1 g. (1. 0080 g.) of replaceable 
hydrogen in one liter of solution, and the NaOH is 1 (one) normal because it contains 
17 g. (precisely 17 . 0080 g.) of hydroxyl ion (OHl which is equivalent to 1 g. of hydrogen. 
The molecular weight of H2so4 is 98. A solution containing 98 g. of H2so4 per liter con
tains the same number of molecules per unit volume as the HCl solution of 36. 46 g. HCl 
per liter. But each molecule of H2so4 contains 2 atoms of replaceable hydrogen. The 
solutions are not equivalent since the H2SO4 contains 2 g. of replaceable hydrogen per 
liter; it is twice as strong as the HCl or 2 x N. To make a normal solution of H2so4 , 
take 98/2 = 49 g. H2so4 per liter of ·solution. Thus a normal solution contains one 
equivalent weight of the substance in a liter of solution. Then one milliliter of a normal 
solution will contain one milliequivalent weight of the substance, or the same number of 
milligrams of the substance as one liter contains grams of it. Hence 1 ml. of a 1 N solu
tion of HCl contains 36. 46" mg. of HCl; 1 ml. of 1 N NaQH contains 40 mg. of NaOH; 
1 ml. of 1 N H2so4 contains· 49 mg. of H2so4 . The number of milliequivalents (abbre
viated meq. or mEq.) of a substance present in a given volume of a 1 N solution. is equal 
to the number of ml. If the solution is 0. 5 N, there is in each ml. 0. 5 meq, and in 10 ml. 
there would be 10 x 0. 5 = ' 5 meq. 

It is always true that the product of the number of ml. times the number of milli
equivalents in each ml. (the normality) gives the total number of meq, present. Since 
dilution does not change the amount of· solute present, the volume of the original solution 
(V 1) times its normality (N1) equals the volume of the diluted solution (V 2) times the 
new normality (N2), or 

N1 V 1 = N2 V 2 :. meq present 

If three of these quantities are known , obviously the fourth can be calculated. 

If it is established by titration that a given volume of an unknown solution (V 1), re
quires a determined volume (V 2) of a solution of known normality (N2) to reach an equi
valence point (stoichiometric end-point) , the same equation can be used to calculate the 
normality of the unknown solution, N1• 
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GENEHAL INSTHUCTIONS l•'Oll TilE PHEPAHA'fiON 01•' SOLUTIONS 

Certain st :uutard solulionH can be directly and accurately prepared by weighing out 
a cnlculatl~d amount :md dhu~otving up to n predetermined volume . These are known as 
primary standards. Others arc standardi~ed directly or indirectly against those which 
have been prepared by weight directly. All solutions are so prepared that a certain 
quantity of solute is contained in a known volume. In general, volum~tric standards, 
Uke volumetric "'easuring apparatus, should be accurate to -one part in a thousand. 
Normal :\nd fmctlonal normal solutions are not always stable and must be rechecked 
if they have been standing some time. These .instab111ties will be noted under each sol
ution as it is mentioned, 

In many instances, solutions are required, whose concentration need be lmown less 
accurately or in which small variatto.ns are not important to the results of the analysis. 
In these the concentration may be expresse~ less precisely, commonly as a percentage. 
By this (for our use) is meant grains of substance per 100 ml. of sohition and is some
times expressed as "W /V" or "weight per volume." Where fluids are dissolved in fluids 
the short-hand form "V /V" may be used. 

The attempt to be concise in the description should not lead to ambiguity. Such 
expressions as "dilute one to three with water" are not precise and lead to mistakes. 
Also when the article of commerce is not a pure substance but a solution in water such 
as concentrated HCl (about 37% HCl by weight) a description of a solution as a 10% ,solu
tion of HCl does not allow the reader to choose with any degree of certainty between 
3. '1% by weight of HCl and 10% by weight HCl. 

Accurate solution preparation is essential to good analytical work. However, the 
degree of accuracy required varies from ~ne solution to another. Primary standards 
as discussed below should be prepared with maximum volumetric accuracy, i.e. , to 
about 0.1%. Other solutions, because of the less critical part they play in the reaction 
may need to be accurate only to 1% or so. In the description of solutions in each method 
an indication of the degree of accuracy required is shown by the number of significant 
figures Included. 

Thus, the weight of a primary standard required wt11 be stated to tenths of a milli
gram (as 4. 6827 g.) while the weight of ammonium oxalate required in a saturated solu
tion will be stated to only two significant figures (as 16 g.) . 

Technique of solution preparation: 

In general, the technique of the preparation of solutions is to measure as accurately 
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as necetHJ:\ry by weft~hlng, pi petting or by using a graduated cylinder, etc. , the required 
amomtt of solid or liqui-d and then by adding water or other fluids to bring to a specified 
vohime. Only in the case of the preparation of primary standards or o(dllutlon of accur
ately standardized solutions or in the dilution a of unknown solutions, is it necessary to 
use volumetric flasks. Their use should be avoided where their accuracy Is not needed 
because they are both frngile and costly . Solutions prepared in volumetric flasks should 
be transferred Immediately to other containers for storage. 

When diluting acids and bases or 1n any case where heat is generated by dilution, 
ALWAYS POUR ACID (OR ALKALI) INTO WATER, to avoid local boiling and spattering 
of the solution. All solutions sh~uld be adequately mixed to homogeneity. A good rule 
in using volumetric flasks is to invert, shake well and then bring to an upright position 
again, allowing time for the air bubble to travel to the top each time. This should be re
peated at least ten times after all solid material has disappeared from the solution. 

PRIMARY STANDARDS 

All volumetric and indeed all quantitative determinations depend on the avallabillty 
of pure co.mpounds and the ability to prepare accurate stable solutions. The pure sub
stances which are best for this purpose are called "primary standards." A primary 
standard should have the following characteristics. 

1. Stable and definite composition. 
2 . Stable to drying without decomposition. 
3. Large equivalent weight (to minimize the weighing error). 
4. Analyzable with accuracy. 
5. The reaction in which it is involved as a standard should be 

a. Single 
b. Well defined 
c. Rapid 
d. Complete 

Some of the presently available primary standards, their preparation, and some of 
their uses are listed below. 

Prlmary Standards: 

Acids: 

1. Constant Bolling HCI M. W. 36.46 
Ref: Hylett, G. A. , and W.D. Bonner. J . Am. Chem. Soc., 31, 390 

(1909). 
Standard hydrochloric acid is easily prepared by first preparing diluted HCl by 

adding about 650 ml. of distilled water to about 1000 ml. of concentrated HCI (analytical 
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grade), This mixture is then slowly cllutillcd In an all-gl:u;s still at the rate of 3-4 ml. 
per minute. After about J/1 of the mlxlure has been diHI.Illed, the rest of the dh;tillate 
Is collected until not less than 50-GO ml. remain 1n the flask. ThiB dlsUllcd fraction 
is constant in composition (that ls, it docs not change wlth time) and is not noticeably 
hygroscopic or volatllc. The exact compos\tlon of the distilled fraction depends only 
upon the barometric pressure at the time of clistillatlon., according to the following table. 

Barometric % HCl by Weight of HCl solution 
Pressure weight needed for one mole <!f 

HCl (grams) 

770 20.197 180.407 

760 20.221 180.193 

750 20.245 179.979 

740 20.269 179.766 

730 20.293 179.555 

By the use of a small pipet, it is a simple matter to weigh out the required amount of 
acid to less than 10 mg. and this is sufficiently precise to provide acid more accurate 
than that attained by most other procedures. The weighing of this acid in an analytical 
balance is permissible since it is non-volatile, but care should be taken to avoid spill
ing of even small droplets since the liquid is, of course, corrosive. 

2. Potassium Acid Phthalate - KHC8H4o4 M. W. 204.22 

This can be obtained in very pure form (99. 95%) and is highly recommended as 
a primary standard. This salt crystallizes without water of hydration, it is not hygl'o
scopic, and may be dried at 110-il5°C. without any danger of decomposition. It is ob
tained from many different manufacturers and is available from the National Burep.u of 
Standards. f(rr a reasonable fee. The latter supplies two types, one especially for titri
metrlc standardizatfon, and the other for a pH standard (see below). 

0. 1 N KHC' H 0 
4 

-- Weigh out 10, 207 g. of dry potassium acid phtha•J.iate on an analytical 
bala;;ce anS dfssolve the crystals in about 200 ml. of distilled water·~ Transfer quanti
tatively to a 500 ml. glass-stoppered volumetric flask, add distilled water to the mark 
and mix. This solution should be kept in a glass stoppered Pyrex bottle and stored in 
the refrigerator when not being used. It may be used to standardize alkali (except am
monia and o~her weak bases) using phenolphthalein as an indicator. This solution should 
be reasonably constant for many months if handled with ordinary carer 
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3. Potassium bi-iodate - KH(IO ) M. W. 389. 94 
. '3 2 

This salt is a strong acid and can be used with any indicator with a color change 
between pH 4 and 10. It Is anl\fdrous, non-hygroscopic and thus can easily be kept 
without change on the shelf. 

Standardization of Alkali: 

Procedure: 
1. Using standard acid solutions: Into a 260 nil. Erlenmeyer flask, pipet accurate

ly ~6. 00 ml._ of the standard HCl solution. Add two to four drops of 1% alcoholic phenol
phthalein indicator solution and add the alkali (e . g . , NaOH solution) from a buret to a 
permanent light pink color using care at the end-point. The same technique can be used 
for standardization by potassium acid phthalate but weak bases (e. g., ammonia) should 
not be used. 

2. Using solid standards: 0. 8 to 0 . 9 g. samples of KHC811.40<t or 1. 6 to 1. 7 .g . 
samples of KH(I03) 2 are weighed out in beakers or flasks very accurately using an 
analytical balance. The salt is dissolved in about 25 ml. of water and titrated with t)le 
base to be standardized using phenolphthalein as the Indicator. The normality of the 
base is calculated as 11lustrated in VOLUMETRIC CALCULATIONS page 32, using 
the molecular weights given above and assuming the salts act as acids with one re
placeable hydrogen per molecule . 

~: 

1. Sodium tetra-borate (borax) Na2B4o7· toa2o M. W. 381.43 
Sodium tetraborate decahydrate is obtained ln a pure condition by two recrystal

Uzations of a good product from water, followed by drying to constant weight in a desic
cator over a solution saturated with respect to both sucrose and sodium chloride. To 
expedite drying, washing .with 96% alcohol and with ether, as recommended by Hurley, 
F. H. , Anal. Chem. §_, 220 (1936) and ibid. , !J., 237 (1937) may be resorted to. In tight
ly closed containers the decahydrate seems to have considerable stab111ty up to at least 
12 months. 

2. Tris (hydrox,ymethyl) amino methane H2N· C (CH20H)3 M. W. 121.14 
This organic base can be regarded as a monovalent base and has a number of 

important advantages. 
(1) Relatively high equivalent weight 
(2) Low moisture absorption - about that of potassium acid phthalate -

requires no further drying 
(3) C02 absorption is absent 
(4) Long shelf-life stability 
(5) Reacts stoichiometrically 

22 



Oxidation-reduction: 

1. Potassium iodate (KIO~ M. W. 214. 02 
Potassium iodate, can be secured in an extremely pure form and used as a 

primary standard. The salt should be dried to constant weight in a desiccator or tn a 
drying oven (105°C.). Each molecule of this salt, when reacting with an excess of 
potassium iodide in the presence of acid, liberates 6 atoms of iodine. 

KI03 t 6 KI t 6 HCl : 6 KCl f 3 H20 f 6 I (or 3 ~) 

Therefore a liter of 0. 11f iodate contains 1/60 of a gram-molecular weight~ 0.1!!_ KIOa 
Ia prepared by weighing out 3. 5670 g. of KI03 on the analytical balance. l)issolve the 
salt in 200 ml. of distilled water, transfer quantitatively to a one liter volumetric flask 
and dilute with distilled water to the mark. This solution should be stored in a glass~ 
stoppered bottle in a cool place. It should keep indefinitely. 

2 . Potassium hi-iodate KH(I03)2 M. W. 389. 94 
This salt, which can be regarded as an equi-molecular mixture of KI03 and mo3 

can be obtained pure and is non-hygroscopic even in the anhydrous state. The reaction 
is similar to that given above for iodate but one molecule of the hi-iodate liberates 12 
atoms of iodine so that the preparation of a liter of 0. 1!. KH(I03) 2 (for this reaction) 
requires only 3. 2495 g. Note that above under acid primary standards to prepare a 
0.1 ,!'isolution to be used in acidimetry would require 38.9940 g. per liter. 

3. Sodium oxalate (Sorenson salt) (Na2c2o;t> M. W. 134. 01 
This salt can be obtained in high purity. It is recommended over oxalic acid for 

the standardization of permanganate because when prepared as indicated it forma a very 
stable solution. When exposed to light a slow decomposition may take place yieldlna 
carbon dioxide, carbon monoxide and water. 

0. 1 N sodium oxalate is prepared as follows: Dry about 10 g. of the pure salt 
1D a drying ;;en at 150°C. f.or 3 to 4 hours. Cool in a desiccator. Weigh out 6. 7010 I· 
(M. W. /20) on 'an analytical balance, dis~olve in distilled water and transfer qwmtlta
tively to a liter volumetric flask. Add 30 ml. of concentrated sulfurtc acid (analytical 
reagent). Cool, dilute to the mark with distilled water and .mix thoroughly. It should 
keep at least a year. The sulfuric acid is essential to long-term stabillty. 

Argentimetric and Mercurimetric. 

1. Silver Nitrate (AgNO:i M. W. 169.89 
Very pure preparations of silver liitrate can be obtained. Working in subdued 

0 
light, the crystals should be pulverized and then dried for 3 to 4 hours at 160 C. They 
should be stored in a desiccator protected ~rom light. 

To pre~re a 0. 1 N solution of AgN03 proceed as follows: Weigh out exactly 
8. 4946 g. of the dried salt, transfer to a 600 ml. volumetric flask and dllute to the 
mark with distilled water. Mix. Keep in a brown bottle in the dark. 



2. Sodium Chloride NaCl M. W. 58. 45 

It Is convenient to have available a standard chloride solution to check the silver 
nitrate (or mercuric nitrate) solutions after a lapse of time. For our purposes the ana
lytical reagent strade sodium chloride is sufficiently pure. 0.1 N NaCl can be prepared 
as follows: 2. 9225 g. of the salt which has been dried at 150°C. for 12-14 hours is 
weighed out on an analytical balance, transferred quantitatively to a 500 ml. volumetric 
flask and dissolved anq diluted to the mark with distilled water. Mix well and store pro
tected from the light. 

3. Potassium thiocyanate KSCN M. W. 97.18 

Prepare the anhydrous salt by recrystallizing from water one to three times, dry 
over P2o6 In a desiccator for three days, heat at 160°C. for one hour, melt at 20ooc. 
for 10-20 minutes, cool, grind to a powder and store over P2o6, for a few days •. There
after, It ttl stable In atmospheres less than 45% relative humidity. For a 0. 1 N solution 
dilute 4. 8590 ·g. to 600 ml. In a volumetric flask. 

pH Standards: for the glass electrode 

It is always best to use a pH standard which is close to that of the unknown. It is also 
best to use two dUferent pH standards so as to check the response slope of the instrument, 
and thus to Insure the correct operation of the Instrument before readings are made. 
See below under pH meter, glass electrode p. 46. 

Acid standards: 

1. Potassium acid phthalate 0. 06J!pH : 4.01 C o. 01 at 26°C. 

Weigh out on an analytical balance 10.211 g. of pure dry salt, dissolve up to 1 
liter tn a volumetric flask; Alternatively, 1t may be prepared from a stock 0.1.N solu
tion (see acid primary standards). This dilute solution is good for a few days and then 
should be discarded. 

2. Potassium acid tartrate 0.0341!1 pH : 3.66 t 0.01 at 25°C. 

All aqueous solution saturated at between 22 - 28°C. An error of 10% In con
centration produces the given pH with an error of about 0. 01 units. 

3. Potassium tetraoxalate 0.05 M KH3(c2o4)2·2H20 pH : 1.68 t. 0.01 at 26°C. 

A solution of this salt recrystallized from water is pure enough for the prepar
ation of the standard. Dissolve 12. 7095 g. and dilute to 1 liter with water. 
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4. Hydrochloric acid 0.1 N pH • 1.10 ~ 0.02 at 26°C. 

Prepare exactly o. 11:! HCl as Indicated under secondary standards p. 28. 

~ ~!mllne Standards 

Standards for pH values higher than 7 are complicated by the absorption of co2 from 
the atmosphere and the presenc~ of co2 In the water used 1n the preparation. Freshly 
boiled water should be used and the standards should be protected from the atmosphere 
a1 much as possible. 

1. Sodtum tetraborate decahydrate 0. 01 N Na2 s,o1·10 H20 

pH = 9.18 t o. 01 at 26°0. 

Dissolve 3. 8143 g. of the pure salt In 1 Uter freshly boiled, cooled dlsttlled 
water. The presence of slight amounts of the pentahydrate will not affect the final pH to 
any significant degree. This is not of course true when the acldlmetrtc. atandard 11 
being prepared. 

2. Sodium hydroxide 0 . 11:! NaOH pH : 12.88 ~ 0.03 at uoo. 

Prepare as described under stock reagents below, (seep. 28) and atandardlze and 
adjust to exactly 0. 1 N. 
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SECONDARY STANDARDS 

Certain substances, although relatively stable once a solution hae been prepared, 
do not have the charact.erletics required of a primary standard, (seep, 20), They are 
prepared in approximately the correct concentration, and then their exact concentra
tion ls determined by titration against the appropriate primary standard, 

Although the method of standardization of working secondary standards i1 uBually 
given in detail under each particular method, a recommended procedure wtll be ouUlDed 
here for some, since these solutions are of general application in volumetric work. 

Stock solutions: 

In the following list are included the usually available acids and alkaHe1 giving the 
data required for the preparation of more dilute. solutlc;ms. 

Name 
%(W/W) 
Formula 

Acetic acid 
99. 5% CH3COOH 

Hydrochloric acid 
36. O% HCl 

Nitric acid 
69. 5% HNO 

Phosphoric actf 
85.0% H3Po4 

Sulfuric acid 
96.0% H2so4 

Sodium hydroxide 
48% NaOH 

Ammonium hydroxide 

Specific 
gravity 

1.049 

1. 19 

1.42 

1.71 

1. 84 

1. 51 

0.89 

Molcular 
Weight 

60.05 

36.47 

63.02 

98. 00 

98.08 

40.01 

35.06 

N of.conc. 
reagent 

17.4 

11.6 

15.4 

14. 6 M 

17.8 M 

Ml. cone. reagent 
needed for 1 liter 
1 ,H soluUon 

67 

86 

85 

68 (1M) 

28 

18• (see below) 

14.8 61 

68.6%NH40~H------~--~~~~~~--~----~~~---------
•The concentrated NaOH is described in the list of stock reagents below. 

The normalities and volumes me~tioned above are approximations only, with 
enough allowance for variations so that the solutions when prepared will have a con
centration greater than 1 N (or 1M in the case of H3Po4). 

Carbonate-free concentrated NaOH: 

Solid sodium hydroxide always contains some carbonate and readily takes up 
moisture and carbon dioxide from the air. A standard solution of this alkali cannot be 
made by dissolving a calculated quantity in the required amount of water. Forbmately, 
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sodium carbonate Is practically insoluble in a saturated solution of sodium hydroxide. 
Therefore, a stock saturated solution of the alkali should always be kept on hand for 
the preparation of standard solutions. 

Weigh hastily in a Pyrex beaker on a solution balance, 1100 g. (approximately) of 
the best quality (analytical grade) sodium hydroxide and place it in a two liter Pyrex 
beaker or flask. Add immediately one .liter of distilled water and stir continuously until 
all the solid Is dissolved. The solution becomes very hot. Allow to cool. After cooling, 
store in a Pyrex bottle, stoppered with a rubber stopper. Standardization of this con
centrated solution Is not advisable. It can be considered to be about 18 N in making up 
dllutions. 

0. 1 N Sodium hydroxide NaOH: 

For each liter of 0.1 N NaOH to be made,. use 8. 9 ml. of the clear concentrated 
saturated NaOH (18 .!9. Dilute with freshly boiled and cooled distilled water .to the re• 
qulred volume. 

Standardization: Titrate with 0.1 N HCl whose normality is accurately known, ustnc 
phenolphthalein as the indicator. Do not shake more than necessary to mix contents 
during the titrating. The solution may also be standardized against standard acid phtha
late or acid iodate solutions or weighed out samples (seep. 22) with phenolphthalein as 
the indicator. In all add-alkali titrattons the alkali Is placed in the buret, to avoid 
absorption of co

2 
from the air. 

0.1 N Hydrochloric Acid HCl: 

Measure about 17. 5 ml. of the concentrated reagent grade hydrochloric acid (36% 
by weight) in a cylinder and pour the acid into a two liter volumetric flask, dilute to .the 
mark and mix well. Determine the exact normality by titration against standard 0, 1 
N NaOH solution or by the use of sodium tetraborate (borax) either as a solution or as 
;;elghed-out samples. Tris (hydroxy-methyl) amino methane may also be used as the 
primary standard. 

0.1 N Potass{um permanganate K.Mno4: 

Although the pure crystals of potassium permanganate can be weighed accurately, 
it Is not practical to use this salt as a primary standard because the solution tends to 
become weaker on standing. A very low concentration of organic substances in the dis
tilled water used for the preparation of the solution slowly reduces the permanganate. 
The potassium permanganate solution is therefore prepared slightly stronger than ls 
desired and allowed to stand undisturbed and tightly stoppered for a week before !tis 
standardized with a sodium oxalate solution. In most cases it Is advisable to standard
Ize ,the permanganate each day before use. 
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Dlaeolve about 3. &-g. of KMno4 (analytical reagent) lD about 1100 ml. of dlltllled 
water. Set aalde 1n a tightly stoppered bottle for about ODe week. DurJDg thla perlod 
the solution should not be disturbed so that any amall quantity of JDaDpDeae dloxtde 
formed may settle to the bottom of the bottle. Carefully slp.'lon off the clear aupenaa
tant Uquld lnto a dark brown bottle. 

8tandardlzatlon: Accurately pipet 20.00 ml. of 0.1 N sodlum oxalate prl.mary 
etaadard lnto a &00 ml. Erlenmeyer flask. Warm the cODtabler to TO-Taoc. and titrate 
wlth the potassium permanganate solution until a faint pink color, that la given b)' the 
acldltlon of a single drop, persists for one mlnute. Jl the titration is carried oUt slow
ly, the solution will become cool and the reactipn slowed up. The solutloa In the Ouk 
• hould be kept at about 70°C . throughout the titration. The flrat few drops are decolo
ised wry slowly but later the permanganate .m113 be added rapidly. A check titra.UOD. 
should agree wlth the first within 0.1 ml. MaD,y analysts consider it unnecessary to 
adjust the strength of the permanganate solution to e:xactly 0.1_!!, since a simple cor
rection can be made !n the calculations by using a "factor." See below. The perman
ganate solution should be kept .in a dark brown. bottle or one covered to keep out light. 
The ttter of the solution may change s omewhat, immediately after it has been freahl_y 
prepared but after standing for a week or so the strength 1s generally constant. 

1.1 If Sodlum Thiosulfate Na1s1o3: 

Wetsh out about 25 g. reagent grade aodlum thiosulfate CJIII.A(),a•6 ~~and &s. 
of sodlum tetraborate (borax) (Ma3B40,• l0 lfaO). Traufer to aflti8r fhi8k 8Dd dl•-
801Ye lD about 800 ml. freshly boOed and cooled distilled water. Add about 'I ·ml. 6f 
iao-am;rl alcohol and shake to dissolve. Dilute to &boat cme U\er. TransfeJ< to a wrex 
boUle ucl store for a few days before uablg. 

8odtum thiosulfate solutions deteriorate on atandilts. Tills la stated to be cJ.e to 
decomposition of the salt by traces of co2 in tbe water, to baeterlal deeomposltJGD, 
and to slow oXIdation by dissolved oxygen. The parity aud ct;rstal water coat.ent are not ' . 
sufficiently constant in the reagent grade to allow its use ae a primary standard. TM 
solution should always be made with boiled dlstllled water; the aolutioo should be made 
alkaline and allowed to stand several days before standardlzaUoD. The lso-a~l alcohol 
la added to mlnimlze bacterial action. 

Standardization: The thiosulfate is usually standardized by and used In reactions 
of Iodimetry. The thiosulfate reacts with iodine as follows: 

Thiosulfate solutions are best standardized with KI03 (potassium iodate) or 
KIQ3 · HI03 (pOtassium bi-iodate) prepared as 0.1 N solutions. Wlth a pipet measure 
26.00 ml. of 0. 1 N iodate or hi-iodate solution into a 260 ml. Erlenmeyer flask. Add 
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about• 10 ml. of a freshly made 10% solution of KI (potassium iodide) and about 20 ml, of 
11 N· hydrochloric acid (HCl). Iodine is liberated in this r eaction thus; 

Titrate the liberated iodine with thiosulfate from a 50 ml. buret. The thiosulfate Is de
livered into the iodate-potassium iodide-acid solution until the iodine color has faded to 
a very pale yellow. One ml.. of starch test solution (see below) is added and.the titration 
continued until the disappearance of the blue color . 

Standard thiosulfate solutions weaker than 0. 1 N are best made by diluting the 0. 1 N 
standard with freshly boiled and cooled distilled water with an appropriate pipet and 
volumetric flask. If kept over a day these solutions should be checked with a diluted 
standard made from the potassium iodate primary standard. Store protected from the 
co2 of the air. 

Weigh out 35 g. of concentrated sulfuric acid in a small tared beaker, dilute to 1 
liter with distilled water and mix. Check by titration against standard NaOH using phen
olphthalein as an indicator and adjust to 0. 667 N. 

1/12 N Sulfuric Acid H2so
4 

Add 2. 5 ml . of concentrated sulfuric acid to 1 liter of distilled water. Mix weU .and 
check by titration against 0. 1 N NaOH so that 20 ml. of the acid requires 16, 7 ml. of 
0. 1 N NaOH for neutralization using phenolphthalein, 

Z,5J! Sodium H1droxJde NaOH 

Dflute 16<t mi. of stock concentrated NaOH up to 1 liter with distilled water. Titrate 
against s~dard 0,1 N HCl and adjust to exactly 2. 5 N. 

The Use of a "Factor": 

The calculations and adjustments of concentration are made using the usual formula; 
V 1 N 1 : V 2N2. In many cases, adjustment to exactly the nominal normality is not nec
essary. In this case, the use of a factor is convenient. The factor for a~ given solu
tion is defined as follows: 

Factor 
Actual Normality 

= Nominal Normality 

Example: A solution of NaOH is made up to be close to 0.1 N. Titration shows it to be 
0. 0987 N. The factor is then o. 9870. If the titration had shown it to be 0. 1032 .H the 
factor would have been 1. 032. 
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§.tarch Test Solutions:. 

1. Triturate (grind) 1 g. of arrowroot starch with 10 ml. of cool distilled water 
and pour slowly with constant stlrrlng into 200 ml. of boiling distilled water. Boil the 
mixture Wltil a thin, translucent fluid is obtained, Allow to settle and use only the clear, 
supernatant liquid. Longer boiling than necessary renders. the test solution less sensi
tive. The solution must be freshly prepared, 

2. Another popular method io1 maklng a solution of starch is to suspend 100 g. of 
pure cornstarch (Kingsford's) in approximately one liter of 0, 01 N 1\ydrochloric acid 
with shaking at frequent Intervals for one hour. Decant the supernatant liquid after sed
imentation. Wash twice, with one liter each time, with 0,06 per cent sodium chloride 
solution. Spread out and allow to dry in the air. Thoroughly grind 16 g. of thie washed 
starch In a mortar with 50 ml. of distilled water and pour into 900 ml. of boiling die
tilled water. Boil for 1/2 to 1 minute without agitation. Cover the mouth of the flask 
with a beaker and set In a boiling water bath for ·16 to 30 minutes. A few drops of this 
aolution are sufficient for a titration, 

3. A one per cent solution of a high grade soluble starch (Merck's soluble starch) In 
cold distllled water has been also successfully employed for 1odometr1c Utratlona. 
Moat starch solutions deteriorate quickly on standing with the growth of molds, The solu
tion of Pincussen, which is made by dissolving lg. of soluble starch in 10 ml. of boiling 
distilled water and adding 90 ml. of saturated sodium chloride solution, keeps aattsfac
torll,y. 
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VOLUMETRIC CALCULATIONS 

A. Solid Standard Standardization of NaOH 

Samples of potassium acid phthalate (KHC8H4o4) M.W. 204.22, are weighed out 
and dissolved in about 25 ml. of distUled water and titrated by the unknown sodium 
hydroxide solution, using phenolphthalein as an indicator. Three samples gave the 
following results: 

Samele Weight ~g.) ml. NaOH • meg., total meg. Lml. NaOH·fm 'calc,) 
._, 

1 0.8436 41.24 • 4.131 0.1002 
... 

2 0.8978 43.91 • 4.396 0.1001 
• 

3 0.8621 42.05 • 4.221 0.1004 
• 

1. The weight of the samples divlded by the molecular weight of potassium acid 
phthalate multiplied by 1000 gives the total meq. of acid (and of alkali)~ 

2. Since this number of mllliequivalents is present In the indicated volumes of 
NaOH, division of total meq. present by number of milliliters of NaOH gives meq. /ml. 
or normality of the NaOH. 

B. To ereeare a Normal Solution from a Concentrated Acid Solution: 

1. Find the normality of the concentrated .acid. 

a. Multiply the specific gravity by the assay (% by weight) to get g. /ml. 
b . Multiply by 1000 to get g. /liter. 
c. Divide g. /liter by the equivalent weight to give meq. /liter which Ia by 

deflnltlon the normality of the concentrated acid. 

2. Use the formula V 1 N1 = V 2N2 

Examele: Make 3 liters of 0.16 N HN03 from concentrated acid. 

1. Find the normality of the concentrated acid (69% by weight). 

a. 1.48 (specific gravity) x 0. 69 (assay) = 1. 0212 g. /ml. 
b. 1. '0212 x 1000 = 1021. 2 g. /liter 
c. 1021. 2/63 (equivalent weight) • 16. 2 equivalents/liter = normality. 
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2. 3080 X 8.11 : Vz X 18.3 

.;:...30::...:0...;.0.....;.;..x --'0;...:.•=16~ = 
16.2 

29.6 ml. concentrated acid to be diluted to 3 lltert. 

C. To Prepare a Normal Solution from a Percentage Solution: 

1. Find the g. /liter In a 1 N solution (one equivalent weight). 

2. Find the g. /liter In the % solution. 

3. Find theN of the% solution by division of Step 2/Step 1. 

Example: Make 2 liters of 3 N HCl from 37% HCl (concentrated acid) 

1. 1 N HCl : 36.5 g. /liter. 

2. 37% HCl has a specific gravity of 1.19. 
1.19 X 0.37 X 1000 c 440 g. /liter, 

3. 440/36. 5 = 12.08 N. 

4 . 2000 ml. x 3 N = v2 x 12.08 N. 

2000 x 3 = 497 ml. concentrated HCl (37%) to be diluted to 2000 ml. to 
12. 08 obtain 3 N HCl 

D. To Prepare a Percentage Solution from a Normal Solution 

1. Determine the equivalent weight. 

2. Find the g . /liter In the percentage solution. 

3. Find the· N of the percentage solution by dividing Step 2/Step 1 . 

. 
Example : Make 2 liters of 5% HCl from 3 N HCl. 

1. 36.5 g . /liter In 1 N HCl (one equivalent weight) . 

2. 5% HCl is 5 g. /100 ml. or 50 g. /liter (W/V) . 

33 



3. 50/36.5 = 1. 37 (normality of 5% HCl). 

4. 2000 X 1. 37 : V 2 X 3 N 

2000 x 1. 37 = 913 ml. 3 N HCl to be diluted to 2 liters to obtain 5% HCl. 
3 

E. To Prepare a Percentage Solution from a Percentage Solution: 

1. Find g. /ml. contained in the given solution. 

2. Find total g. needed for total amount of new solution. 

3 . Then total g . needed = ml. of given% to be diluted to the required total volume. 
g. /ml. given 

Example: Make 3 liters of 7% sulfuric acid from 15% 

1. 15% = 15 g. /100 ml. = 0.15 g. /ml. 

2. 7% = 7 g. /100 ml. = 70 g. /liter = 210 g. /3 liters. 

3 . 210/0.15 = .1400 ml. of 15% to be diluted to 3 liters to obtain 7%. 

An alternative procedure is to use the relationship %1 V 1 = %2 V 2 

In the above example 15 x V 1 - 7 x 3000 

7 X 3000 
15 

F . To Calculate Normality of a Percentage Solution: 

1. Find the molecular weight of the substance. 

2. Find g. /liter of a 1 N solution. 

3. Find the percentage of a 1 N solution. 

= 1400 ml. 

4. Divide given% by 1 N %. Step 2 divided by Step 3. 

Example: Find the normality of 10% H
2
so4. 

1. Molecular weight H2so4 = 98 g. = 2 equivalents. 

2. 1 .N H~O 4 contains 49 g. /liter. 
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voltage developed is proportional to the ratios of the concentration of hydrogen ions 
inside and outside of the glass membrane. 

Commercial glass electrode pH meters read directly in pH units . They should be 
calibrated just before use by the aid of at least two standard buffer solutions differing 
by at least 2 pH units. See pH standards p. 24. 

For best results follow the instructions given by the manufacturer of the particu
lar instrument used. Most directions suggest using only one standard buffer. The use 
of two will detect errors due to cracked or otherwise faulty electrodes; errors not 
easJly shown up by single point calibration. 

pKa Values for Some Acids Suitable for Buffers 

Name of Acid Formula pKa Buffers at pH 

Py rophosphorlc H4P207 (1) 0.854 1 

" " (2) 1. 959 2 
Phosphoric H3P04 

(1) 1. 959 2 

Glycine (as base) NH
2

CH
2
COOH 11.647 (p~) 2.3 

Phthalic C~H4 (COOH) 2 
(1) 2.90 3 

Tartaric HOOC(CHOH)
2
COOH (1) 2.96 3 

Citric (HOOCCH
2

)
2 : C-OH (1) 3.1 3 

COOH 

Lactic CH3CHOHCOOH 3.98 4.2 

Barbituric ~HCONHCOCHaSO 3,98 4.2 

Tartaric see above (2) 4.16 4.7 

Acetic CH3COOH 4.73 4.7 

Citric see above (2) 4.75 4.7 

Citric see above (3) 5.40 5.4 

Phthal!c see above (2) 5.51 5.5 

Carbonic H2Co
3 

(1) 6.53 6.5 

Pyrophosphoric see above (3) 6.54 6.5 

Phosphoric see above (2) 6,7 6.7 

Pyrophosphoric see above (4) 8.44 8.4 

Boric H3Bo
3 

(3) 9. 20 9.2 

Glycine (as acid) see above 9.78 9.8 

Phosphoric see above (3) 12.44 12.4 

Salicylic HOC6 H
4

COOH (2) 13.0 13. 
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COLORIMETRIC TECHNIQUES 

The method of analysts kno·w aa colorimetry has mAd '()SSible the developwent of 
methods for analysis of small amounts of blood contalntn:= .. ~ry mlnute amounts of mr.
terial. This is turn has led to the present widespread knowledge of the variations ill 
blood constituents 1n health and disease. This lmowledge ts, of course, not complete 
and new methods and new appltcatlons continue to be made. outside the ecope of this 
manual is the extensive literature of what Is called "ultra-micro analysts," elnce 1D 
most cases a few mllUUters of blood will suffice using the methods in this Dlktlual. tl 
pediatric work, ln!ants and chlldren cannot furnish blood as easily or 1n such large 
amounts, so methods of analysis based on the volumee obta.lned by heel or finger pUDC
ture have been developed. Some of these are Included 1n this manual. 

Colorimetry depends on the quantitative comparison of the amount of color devel
oped 1n unknown solutions with the amount of color developed 1n solutions having a knoWil 
amount of pure substance present. The comparison is most often made visually, match
Ing unknown tubes with standard tubes, or matching visual fields 1n a special apparatu.e 
such as a Duboscq colorimeter. 

This measurement technique ls based on Beer's Law (sometimes called Lambert
Beer's or Bouger-Beer's) which states(briefly and approximately) that the amount of 
Ught absorbed by a colored solution is proporUonal to the concentration of colored ma
terial present. Beer's Law applies 1n a practical way only to solutions with a relative
ly small range of concentration, and only when the Jncldent light ts "mono-chromatic~" 
(actually, a narrow band of wavelengths). These requirements are only relative and to 
some extent Interdependent. The optimal conditions for colorimetry are best deter
mined individually for each determination. 

Colorimetric measuring apparatus: 

Block comparators: The block or rack comparator ls used 1n situations 1D which 
slmpltcity and speed (for example: bed-side analysis) require the sacrifice of accuracy. 
This method uses a series of graded standards (usually in sealed tubes) against which 
the developed color or turbidity is compared. An example of a method 1n which block 
comparison ts commonly used is the ICTERUS INDEX, p. 187. 

D1lut1on Colorimetry: This type of comparison colorimetry uses a single, fixed 
standard and the unknown is diluted until the standard is matched. The Sahll hemogloblD 
method ls an example of this type of analysts. The fixed standard in this procedure may 
be a permanent standard such as a colored glass disc. 

Comparison Colorimeter: This is the method commonly employed for visual color
imetry. The apparatus used may vary in the details but all have some arrangement 
whereby the thickness (or depth) of a layer of the standard and the unknown colored 
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solutions may both be varied and we measure the depths of solutions that give equal 
light absorption. The Duboscq colorimeter Is of this type and Is quite convenient for 
this purpose (see Fig. 15, p. 48a). 

Beer's Law: 

Colorimetry Is based upon Beer's Law. which states that light in passing through 
a colored medium is absorbed 1n direct proportion to the concentration of the colored 
substance. Thus, the intensity of the observed color is directly proportional to the 
concentration of pigment 1n solution and directly proportional to the depth of the ob
served layer; and thus is actually proportional to the number of colored particles tn 
the Ught path. 

For example: It would require a 20 mm. depth of, a 1% solution of a due to exhibit 
the same intensity of color as 10 mm. of a 2% solution of the d;ye. Thus: 

(1) R
1 

(20 mm.) x c1 (1%) • R 2 (10 mm.) x c2 (2%) 

or 20 x 1 : 10 x 2 (see Fig. 16, p. 48a.) 

Obviously, if the Ught transmitted by a solution of unknown strength is compared 
with the light transmitted by a solution of a known strength, the concentration of the un
known can be calculated by means of this formula. Beer's Law, (for colorimeters) 
stated mathematically, is: 

(2} R1C1 = R2C2 

or C1/c2 : R2/R1 

Here R
1 

and R
2 

are the readings (depths) of solutions of unknown and standard ln 
the colorimeter cups when their transmissions match by visual observation. c1 and 
c

2 
are their respective concentrations. This may be rewritten to solve for Cl' thus: 

c
1 

in this-equation represents the concentration in the final colored unknown solu
tion. If only a small amount of material is used in this test and it is desired to express 
the concentration in terms of 100 ml. , a volume correction factor (k) ls introduced Into 
the equation: 

(4) c1 X (k) = Cu = <R/Ru) X cs X (100/V) 

In this eqqation Cu is expressed (for example) in milligrams per 100 ml. of serum 
(mg.%); C ls expressed in mg. of standard substance in the final volume of colored 
standard s~lutlon; and V represents the actual volume of original sample. For 
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example, if 1 ml. of a 1:10 protein-free filtrate is used in the analysis, V would be 
equal to 0.1 ml. The above formula (4) assumes that the final volumes of the colorime
tric solutions of the unknown and the standard are the same. In some determinations 
thts may be not the case. A dilution factor (V /V ) is accordingly introduced to correct 
for this difference. The final equation upon w~i<:hs all colorimetric calculations in blood 
and urine analysis are based, thus becomes: 

In whtch Vu and V s, are respectively, the final volume of the unknown and the standard 
colored solutions. 100 JD.l. here is the reference volume, and thts is the value often 
used for blood analysis. For urine lt may be replaced by the 24-hour urine volume or 
one liter (1000 mi.) depending on the particular application. 

Colorimetric calculations are greatly simplified by choosing values of Cs, V •. and 
.the colorimeter settings with that end in view. When the standard solution is set at a 
certain depth (Rs) the final calculation usually involves dividing the reading of the un
lm~wn into so~e simple factor whtch however, cannot be done mentally. Instead of 
using elaborate tables or calculating devices for this purpose, the expedient of setttng 
the unknown at a given depth and reading the standard, enables one to complete the cal
culation mentally by a simple multiplication. For example, in a certain uric acid meth
od, setting the standard at 20 mm. requires the division of the reading of the unlmown 
Into 80; whtle setting the unknown at 20 mm. requires only the multipllcation of the 
reading of the standard by 0. 2. 

The standards employed, whtch are solutions of known concentration, may be of 
several types, their selection depending upon the nature and stabllity of the color devel
oped in the test. Theoretically, the most. desirable standard is one prepared by treattDg 
a lmown amount of the substance being analyzed with the reagent at the time of prepar
ation of the unknown. In this way,.!!! of the slight variations of temperature, period of 
heating, and standing, etc. , are equalized. It is occasionally practical to use an arti
ficial standard made of more stable materials, such as a solution of one or more ~es, 

or a solution of inorganic colored salts, or tinted glass plates. When using artificial 
standards it ts necessary to check their equivalence frequently against the true color 
developed by kDown concentrations of the substance in question. In the case of colored 
glass plates used as artificial standards, the advantage of permanence may be offset by 
an imperfect color match. The colored plates should be staudardized by spectrophoto
metric measuremel't to determine the plate equivalence in one's own laboratory. 

The colorimeter makes possible the quantitative comparison of the unlmown and the 
standard solutions. It is a precise optical device by which the intensities of color tn two 
solutions can be compared. If the intensity of color is quantitatively related to the con
centration of a substance . colorfmetry may be employe<! for its quantitative estimation. 
The plunger type of instrument is best suited to general use in biochemistry. This in
strument has two plungers which dip into the solutions contained tn cups , and whose 
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relative positions may be regulated by racks and pinions. Light of uniform intensity is 
passed in paralle l rays through the two fluids to be compared. The depth of one or both 
columns of fluid through which the light passes can be regulated at will by a vertical 
motion of the cups. The depths are so adjusted that the colors from the two solutions 
which are seen in a bisected visible field, appear equal. 

The colorimeter cups are of various types and sizes. The bottom of each cup is 
formed by a plate of clear optical quality glass. The tops may be flared out to serve as 
reservoirs for the solution displaced by the plunge rs when the cups are raised. These 
cups are optically perfect and such substitutes as small beakers cannot be used without 
greatly decreasing the accurac y which can be attained. Millimeter scales are arranged 
in connection wl.th the cup supports so that they can measure the depth of fluid between 
the lower surface of the plungers and the bottoms of the cups. · With the aid of verniers, 
measurement is precise to within 0. 1 mm. 

The visual field of the instrument is a circle divided into two halves. The dividing 
line is formed by the ends of the prisms which transmit the light that has passed through 
the solutions. The optical path is arranged so that the light passing through the right 
hand cup appears on the left field and vice versa. When the two halves of the field show 
identical color intensity, the conditions stated above in equations (1) and (2) are satisfied. 

Testing the Colorimeter: 

Before a colorimeter is used each day and at frequent intervals during the day, it 
should be tested with regard to the zero points, the equality of illumination, and the 
equality of the quality of the transmitted color. 

Zero Point Test: The empty cups are first placed in position on the apparatus and 
carefully raise d until the plunge rs come into contact with the bottom of the cups. Then 
the readings s hould be zero. If this is not the case, r eadings must be corrected for the 
ze ro point e'rr o r . 

Equality of lllumination: Care must be taken that the illumination of the two fields 
i s equal. E qual illuminat ion can be secured best by us ing an ev en , ample s ource of light, 
prefe r ab ly diffuse daylight or white artificial light. T he r e are numerous satisfactory 
la mps on t he market . Some colorim eter s a r e provided with a light in the base , thus ob
viating the necessity of a n outside source. 

Portions of the same colored fluid, usually the standard solution , a r e placed in each 
c up, rins ing the cups and the plungers, and taking care to avoid bubbles under the plung
ers. The cups are then set to have identical fluid depths and the light source adjus ted 
until the two halves of the visual field appear identical. After this has been done, color
imet ric comparison may be carried out as outlined below. The colorimeter and its light 
source shou ld not be moved or altered after this light adjus tment has been made. If a 
cha nge does occur the light balanc ing s hould be rechecked before colorimetric compa r i
son s a r e made. 
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Colorimetric Comparison: 

There should always be enough fluid to cover the lower ends of the plungers within 
the practical range of motion of the cups during a determination but the cups should never 
be so full that the liquid is driven over the top when the cups are raised to the reading 
point. 

After the above tests are completed, the standard solution is allowed to remain in 
one of the cups and the unknown is placed in the other, rinsing the cup and th~ plunger 
with portions of the unknown. The depth of the standard is set at some convenient point, 
usually about 10, 15, or 20 mm. , and the height of the cup of unknown is adjusted until 
the two fields match. Several such adjustments are made, approaching the match point 
from both sides , and the average of such readings obtained is used for calculation. lt 
is sometimP.s more convenient to set the depth of the unknown solution at a pre-deter
mined point and then to adjust the depth of the standard solution to obtain the match. 

The stationary scale is graduated in em. and divided into mm. All readings are 
made in mm., e. g., 2 em. is read 20 mm. The point at which the zero line of ihe mov
able scale would intersect the stationary one is taken as the reading. Decimal fractions 
are read at the point where two lines of the vernier and movable scales approximate 
most closely. 

Calculations are made according to Beer's Law which has been discussed above. 

Limits of Accuracy - Sources of Error 

Few observers can, with the usual colorimetric instruments, match colors with an 
error of lesS'than 1%; for most analysts the error is probably nearer to 2 or 3%. The 
accuracy is greatly influenced by characteristics of the individual. Some persons are 
incapable of matching colors: others have difficulty only with certain colors. Adjust
ments should be made rapidly in order to avoid tiring the eyes. 

The range within which depth of solution is proportional to intensity of color is 
quite limited. Standard and unknown can selciom be permitted to differ from one an
other by more than a factor of 2. U the difference is greater than this another standard 
must be used or the test must be repeated with a lower concentration (or higher, if 
necessary) of the unknown. 
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PHOTOMETRIC TECHNIQUES 

This procedure and technique differs from the method just described in two respects: 
(1) The depth of fluid examined is not varied and then measured, but on the contrary, the 
depth is kept constant and the same for both standard and the unknown solutions. (2) The 
measurement which is made is not of depths giving equal light absorption, but an actual 
determination of the amount of light transmitted by the standard and by the unknown solu
tions. This measurement is made possible by use of a photo-electric cell, which gen
erates a current proportional to the amount of light striking the photo-cell. The curre~t 
is then indicated on the scale of a sensitive galvanometer. 

The relationship between the concentration of color in a solution and the amount of 
light transmitted through the solution can be treated in a mathematically rigorous fash
ion and this has been done in some of the reference books to which your attention has 
been directed. Seep. 340. The biochemist and clinical technologist are usually interested 
in the simple comparison (in a quantitative way) of the amount of color developed by one 
or more unknown solutions with the amount developed by a solution containing a lmown 
amount of a standard substance. 

A diagrammatic outline of a simple filter photometer of a type commonly used in a 
laboratory is shown in Fig. 17, p. 53a. The white light from the bulb A passes through the 
color filter D. The light now passes through th~ test tube cuvet B containing the colored 
solution C. The emergent light strikes the photo-cell E, causing the generation of a 
current which is measured by the galvanometer G. The colored light filter may occupy 
the position shown or may be inserted between the cuvet B and photo-cell E. 

Briefly, the procedure in photometric analysis consists of the following steps: 

(1) Pure solvent (usually water) or a "reagent blank," is used in a test tube cuvet. 
The cuvet is placed in position in the photometer and the rheostats R are adjusted so as 
to produce a reading of 100 on the galvanometer. The "blank" tube is then removed. 

(2) Without readjusting the rheostats R, the test tube containing the standard solu
tion is placed in the photometer and the galvanometer deflection is read and recorded. 
The "standard" tube is then removed. 

(3) Again without readjasting the rheostats, the test tube containing the unlmown 
solution is placed in the photometer and the galvanometer is read and the result recorded. 

We have now 'a set of data consisting of the following: 

(1) Tb: 100; (2) Ts =X; (3) Tu: Y 

where Tb is the per cent transmittance of the blank (a rbitrarily 100) ; T s is the per cent 
transmittance of the standard solution read from the galvanometer; and T u is the trans
mittance of the unknown solution, r ead from the galvanometer . 
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Filter Selection: 
The selection of the proper filter (D in the diagram) to use 1n a given n.nalysis de

pends on the color which is being measured. Ideally, the filter should ail ow those wave
lengths of light to pass which the colored solution most strongly absorbs. Thus a blue
solution is blue because it absorbs most of the light 1n the red end of the visible spec
trum, and transmits most of the light in the blue end of the spectrum as diagram.med 
in Fig. 19, p. 54a. (A, B, C, D.) 

For the most sensitive analysis of this blue solution we would choose a fllter which 
transmits light at the red end of the visible spectrum, 1. e. , a red filter (indicated by the 
area with diagonal lines). It is never possible 1n practice to obtain filters which trans
mit exactly as indicated in the diagram. Instead the true graph of the transmittance 
(an·d absorbance) of a red filter would appear as shown by the curved solid line (X, Y,Z). 

Some filters have narrower transmittance bands and some have wider' bands than 
this . In order for the solution to act in accordance with Beer's Law it is necessary to 
have the filter transmit only those wavelengths of light which are absorbed maximally by 
the solution being tested. That is, those wavelengths on the flat part of the curve (C, D). 
This condition results 1n (a) the greatest sensitivity and (b) the narrowest range for 
any given method. 

In some instances it is desirable to extend the range at the expense of sensitivity 
and to some extent at the expense of linearity. This can be done by ohoosing a filter 
transmitting wavelengths between Band C in the example above. Further details re
garc:Ung the choice of a filter can be found in the reference books listed. 

Reagent Blanks: 
Since we are not working with ideal conditions and since reagents are not always 

pure, we often have a small amount of color or turbidity resulting in light absorption 
even when the reaction is carried out on distilled water or some other pure solvent. 
Such a preparation is called the "reagent blank." There are two ways in which the 
blank can be utiUzed to correct for the impurities present and these will be discussed 
under GENERAL PHOTOMETRIC TECHNIQUE below. 

Beer's Law for Photometry: 
Let us assume that we have prepared a series of standards varying in concentra

tion along with a "reagent blank" and have recorded the corresponding galvanometer 
readings (which represent the transmittance in per cent), which are given here: 

Relative concentration Transmittance % 2- log T = (D) 

0 100,0 o.oooo 
1 80.2 0.096 
2 64.3 0 . 192 
3 51.5 0.288 
4 41.3 0.384 
5 33.1 0.480 
8 17.1 0.767 

10 11.0 0.959 
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There arc a number of ways in which the rclatlonohip between concentration of sol
ute and galvanomdcr readings can be expressed. See l~ig. 18, p. 54a. We note that in graph 
'#H (per cent transmittance vs . concentration) the result is a curved line. This type of 
relationship is difficult to use routinely because -it makes interpolation and extrapolatt.on 
difficult and inaccurate. Graph #2 (log per cent transmittance vs. concentration) results 
in a straight line with a negative slope. Graph fj3_ (per cent transmittance vs . concentra
tion) results in a straight line with negative slope if a special graph paper (semi-log) 
(ordinate plotted logarithmically and the abscissa plotted linearly) is used. Graph 4t4 ls 
the easiest to nse. It is a plot. of the optical density (D) or (2 - log %T) vs. concentration. 
This plot results in a straight line with a positive slope. That is, an increase in ,£2!!
centration results in an increase in optical density. 

All of these graphs are expressions of Beer's Law, which can be expressed mathe
matically (for photometric analysis) as: 

(1) log (I/IJ = -kc 

whc:re IC is the intensity of transmitted light; 
Io is the intensity of incident light; 
c is the concentration of the colored substance. 

This equation, stated in words, is that the logarithm of the ratio of the intensity of 
transmitted light to the intensity of the incident light is inversely proportional to the con
centration of colored substance. k is a constant whose actual value depends on the nature 
of the colored solution, the filter used, the depth of the solution, etc. 

In the experiment above, the incident light (the light transmitted in the absence of 
color iri the solution -- the "blank!') was arbitrarily set at 100% and therefore: 

(2) 

Ic can now be termed the per cent transmittance and may be designa*ed with the symbols 
T or G (for transmittance or galvanometer reading) .. 

Rearranging equation (2) 

log Ic -log 100 = -kc 
or log 100 - log Ic = kc 
or 2 -log Ic = kc 

If (2 - log Ic) be given the name "optical density" and the symbol "D" then: 

D = kc 
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It is obvious that if experimentally a plot of D (optical density) vs. c. (concentra
tion) results in a stratrrht line - usually passing through the origin (0, 0), the results 
are in accordance with Beer's Law. Not all rcactiona giving colors wlll act this way, 
although a judicious selection of fnte'rs and/or the use of the more selective instru
ments such as the prism or grating spectrophotometer usually do result in a straight 
line graph (if the reaction conditions are correct). 

In ca~es of failure to obey the law, it will be necessary to use the plot of D vs. C 
(which will be a curved line in these cases) , or to prepare a table derived from such a 
plot, to estimate concentration from the optical density. 

General Photometric Technique: 
1. Selection of filter : Selection will depend on the color developed in the determina

tion. The wrong filter will give incorrect results. 
2. Warm up: Allow the instrument to come to a "steady-state." This will take 15 

to 20 minutes. 
3. Adjust galvanometer to read zero: Adjust the zero point reading when no light 

is strild.ng the photoelectric cell. This ls very important because the 100% setting is 
not really 100% and no other reading will be correct unless the zero setting has been 
accurate 1y made. 

4. Set the "blank" to read 100: Insert the cuvet or selected test tube containing 
the ''blank" solution (read further below) and adjust the light intensity so that the galva
nometer reads 100%. 

5. Read the standard: Remove the blank tube, insert an lde:iltlcal cuvet or test 
tube containing the standard and read its transmittance T 8 , in per cent. 

6. ·Read the unknown: Remove the standard tub'e, insert an identical tube or cuvet 
containing the unknown solution, and obtain its transmittance Tu in per cent. 

7. If the photometer was adjusted to read 100 using a pure solvent as the ''blank," 
the "reagent blank" must now be read and its transmittance recorded as Tb in per cent. 

"Blank" definitions: 
It will be noted that the term ''blank" has been used in several different ways in the 

above discussion. For the purpose of clarification the following definitions should be 
carefully noted. 

"Optical Blank" fs the solution used to set the photometer at 100 per cent trans
mittance. 

"Reagent Blank'' is the solution obtained when the colorimetric reaction is carried 
out on pure water rather than on a solution containing the substance analyzed for. 

"Zero-time Blank" is the solution obtained when no time at all is allowed for a re
action whose optical density increases with time. This is commonly used only in cases 
of estimations of enzyme activity, when there is present in the serum some constituent 
which is being formed from a substrate by enzymatic activity. 
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,t should be noted that the reagent blank und the zero-time blank can be utilized as 
optical blanks. It is of some advantage to do so , because by such a procedure, the blank 
value is automatically subtracted from the unknown and avoids an extra calculation. 
see below for the details of such calculations . 

Photometric Calculations: 
As in visual colorimetry we are determining the ratio of the concentration of color 

in the unknown as compared to that in a standard and therefore the general formula is 
very similar , remembering that ~he transmittance must be converted to optical density 
before inserting in the formula. 

Visual colorimetry formula Photometry Formula 

Also note that the readings (R) in colorimetry are inversely related to the concentration 
while in photometry the densities (D) are directly related to concentration. 

The oomplete formula for photometric calculation is analogous to the colorimetric 
formula p . 49. 

Since in most photometric methods, Vu/V 8 is 1, the last term usually cancels out. 

Whenever blanks with an optical density greater than 0, (T = ( 100) are obtained, 
(such as reagent blanks or zero-time blanks read against a pure solvent optical blank) 
the optical density of the blank is subtracted from the unknown and standard densities 
before inserting the values into the formula. 

When it has been shown that a result is readily duplicable for long periods of time, 
lt ls possible but not recommended to dispense with the use of standards and to use the 
relationship, D = kc, where ,k ls the constant relating density and concentration by a 
combin;o.tlon of factors such as the reaction characteristics and the characteristics of 
the color and "the filter used, etc. Thus, in use, .! ls determined by the use of standard 
solutions and thereafter the density values of the unknowns ls multiplied by .! to obtain 
the final result, say in mg. per 100 ml. of blood. 

This procedure is smnewhat dangerous and should not be resorted to unless abso
lutely nceessary. It is used in cases in which scarcity or instability of the standard 
materialllmlts the supply as for example a pure bilirubin, urobilinogen, etc . 

Some photometers, such as the Klett, have a scale reading directly in optical den
sity units. Unless this ls the case., the log of the ratio must be calculated for ~/10 or 
a table of D vs. T values may be used. See Appendix for such a table. 
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In the foregoing photometry discussion, 1t was assumed that a constant depth of sol
ution was being used. This laboratory uses especially selected test tubes as absorption 
cells in most cases. Although these do not have a uniform depth of solution for all parts 
of the tube, still the effective depth is the same for the matched tubes. Since test tubes 
inevitably are somewhat oval rather than round, it is imperative that they be positioned 
in exactly the same way each time they are used as well as when they are calibrated. 
See p. 330 for a note on the Calibration of Test Tube Cuvets. Calibration can be avoided 
1! the same test tube (in the same position) is used for the reading of the standard and 
for the unknowns ~s well as for the blank setting or reading. However, in some analy
ses, this procedure is impractical. 

Photometric Instrumentation: 
In the discussion above, a simple single photo-cell photometer ,is described. There 

are, however, a large variety of types of instrument avallable on the market. They 
may be classified as follows: 

The essential·parts of any photometer are: 
(1) A source of light equlpped with 

(a) a means of adjuhting the intensity of the light falling on the solution and 
(b) a means of stabiUzing the intensity of the light so that it remains constant 

for long periods. Since the emissivity of a tungsten lamp is proportional to the fourth 
power of the absolute temperature, the power supplied to the lamp must be very closely 
regulated. 

(2) A means of wave -length isolation which may be by : 
(a) Color filters -plates of colored glass with definite absorption character-

lstlcs. 
(b) In~rference filters -plates of glass with half-wavelength reflection. 
(c) Prism or gratings -used~ spectrophotometer&. These can be rotated 

to select a given narrow band of wavelengths. 

The usual way of e"J)ressing the band width of a filter or other device for isolating a 
band of wavelengths is to state the band width between the points giving 50% of the 
transmittance of the peak. Using this notation, Corning glass filters have a band width 
of 50. to 150 mu; . some interference filters have a width of 10 to 40 mu; tor the Coleman 
spectrophotometer the width is about 35 mu; for the Bausch and Lomb Spectronle 20 -
about 20 mu; :ind for some more precise instruments as small as 1. 0 or 0. 5 mu 
depending on the wavelength. These instruments may be equipped with quartz optics to 
enable their use in the ultra-violet region of the specti.'Um. 

(3) Cuvets - these may be 
(a) very precise square cuvets 
(b) especially selected test tubes - less accurate, more convenient 

(4) Photo-cell(s) may be of two types 
(a) Barrie1· layer cells - these generate their own current but require a 

sensitive galvanometer since the current cannot be readily amplified. 
(b) Photo-emissive cells -which change resistance upon exposure to light 

and require an external current source. The current in this case may be readily ampll
fied, thus a less sensitive galvanometer is required. 
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The available instrwncnts may also be classified aa single cell or double cell in
struments. The single cell type is the simple type described above, p. 53. The double 
cell type consists of two closely matched photocells which can be balanced against each 
other so that no current passes when the reading is made. The Klett-Summerson in
strument is of this type. The reading is made fn optical .density units from a dial con
nected to the balancing rheostat circuJt. 

Flame Photometry: 
This is a very specialized application of photometry in which a finely divided aero

sol spray of sample is passed into a flame. The heat excites the elements present so 
that they emit light. This light is filtered by use of glass color filters or by prism or 
grating arrangements and the wavelengths of interest are allowed to fall on a photoc.ell. 
The light produced is proportional within narrow limits to the amount of a particular 
element present. 

This method is commonly used for sodium and potassium in many laboratories. To 
compensate for some of the many variables, the double cell method ls used in some of 
the instruments. 

In the double-cell (or internal-standard) method, one cell and filter combination is 
responsive to say sodium emission, and another cell-filter combination is responsive 
to lithium emission. Since lithium does not exist in biological fluids it can be added to 
the same concentration in known and unknown solutions. When this is done' the readings 
of the instrument are responsive only to the ratio of sodium to lithium and since any 
factor decreasing sodium emission will also decrease lithium emission, the reading ls 
quite stable . . See further under Na and K. 

In the use of all these instruments it should be remembered that ordinary white 
light is actually made up of all the colors in the rainbow~ By filters or by gratings or 
prisms white sunlight may be separated into its component colors. One thing these 
colors all have in common is thatthey travel in waves. The important difference be
tween the colors is that each one has a different wavelength (the distance between the 
crest of. one wave and the crest of the next). When all the colors in white light are 
spread out and arranged by wavelength (as may be done in a rainbow or by a prism), 
they make up a continuous band. At one end of the band is violet, with a wavelength of 
400 millimicrons (mu) which is abouf16 millionths of an inch. Nextin order come 
indigo, blue, green, yellow, orange, and finally red light, whose wavelength is com
paratively long (700 mu). 

These wavelengths from 400 to 700 mu (the so-called "visible" range) are the only 
ones the human eye can see. Light with wavelengths outside of this region does not 
promote a visual response of color and brightness in the human eye. At wavelengths 
just below our area of visibility lies the ultraviolet region. Above the red area of 
light lies 'the infrared region. 
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Chemical analysts may be done by use of a spectrophotometer because the atoms 
in a molecule resonate to certain wavelengths of ultraviolet, visible, or infrared radia
tion. The wavelengths which cause this vibration are absorbed; the rest of the wave
lengths are transmitted through the s~mple. Now lf we make a graph showing how mue~ 
of each wavelength a particular chemical compound abaorbs, we have its "absorption 
spectrum." Fig. 17, p. 53a shows how the spectrophotometer measures the amount 
of a particular color (wavelength) of Ught absorbed or transmitted by the sample sub
stance. By making a series of such measurements and using different wavelengths of 
light, the analyst can draw a curve which shows the exact location and degree of the 
absorptions of the sample over a wide range of wavelengths. This curve is the "absorp
tion spect~." 

lf a series of measurements are made with different concentration at a certain 
specified wavelength the results obtained are called li "calibration curve". This can be 
used In quantitative analysis as discussed above on page 66. 
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OASOMETRIC ANALYSIS 

In the study of gases and gas volumes we must constantly be aware of the effects 
of temperature and pressure and their changes from one determination to the next. 
The volume of any gas depends upon the temperature and pressure to which it ts sub
jected and the volume of a gas may vary widely with changes of tem~rature or pres
sure. n ts necessary, therefore, in order to compare a volume of a gas measured 
under one temperature and/or pressure with a volume of gas measured under a second 
temperature and/or pressure, to have a set of unlfox-m correctlo~ factors. 

The Standard Gas Conditions are as follows: 

1. Atmospheric pressure at sea level ('160 mm. column of Hg). 
2. The temperature of water at its freezing point (0° centigrade or 2'13° absolute). 

Gasometrtc methods are those which depend upon the measurement of a gas u the 
final step in the analysis. The measurement must take into consideration the so-called 
gas laws. 

•rhe gas laws governing the behavior of the gases are known by the names of the 
men who first clearly formulated them. 

Boyle's Law (1660) 

Boyle's law states that If the temperature is con•tant the volume of a-:888 varies 
inversely proportionate to the pressure. 

Boyle's law may be expressed as follows: 

The table below will ald In demonstrating the Inverse relaUonshlp between wlume 
and pressure as defined by Boyle's. 

Pressure Volume-

p1 1 atm. vt 18 ce. It is easy to. see that as the 
p2 2atm. v2 8 ee. pressure Increases the volume 
p3 4 atm. Va 4 ec. decreases; and as the pressure 

p' 8 atm. v, 2 ee. decreases the volume increases 

p& 18 atm. Vr; 1 ec. (T being K). 
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Example of URe of Boyle's Law 

A volume of a gas mea~ured at 740 mm. pressure is 200 ml. 
(a) Calculate the volume of pa at standard pressure. 
(b) Calculate the volume of gaa at 810 mm. preasure. 

(a) P1 : 140 
P1 : 1eo 
v1 = 200 mt. 
v3 : Wlknown 

Student exerciH: 
Solve part (b). 

Charles' Law (1801) 

140 
VI : 200 X .iii) • 194. 1ml, 

uo x aoo • uo x· v1 

v J = 148000 • 184.' ml. 
180 

Charlea' law states that if the preaaure remains conatant the volume of a pa wlll 
vary directly as the absolute temperature. 

I 

Charles' law may be expreaaed as followa: 

or V1 • Tt : V1 • T:a 

Therefore. It can be seen that as the temperature increases the volume m
creasea, and as the temperature decrease• the volume decrease• (P bei.JII K). 

Example of use of Charles' Law 

A volume of gas measured at 70°C. ia 800 ml. Find ita volume at: 
(a) oOC. 
(b) 10o0 c . 

A T 1 : To0c. 
T2 : 0°C . 
v 1 = 30o 
v2 =Unknown 

Student Exercise: Solve part (b) 

..!a 278 
300 843 

• 
V _ 300 X 27J V 300 X 273 
:a- 343 :a= 343 

v - 81900 
J - 843 

82 

v1 • 238.8 mt. 



323 

---ABSOLUTE ZERO 

FliuJ'e 20. Comparison of thermometer scales. 
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It has been dcmonstrnted that all gases expand to the same extent when exposed to 
the same increase 1n temperature (P ls K). It ls further shown that a 1°C. rlse 1n 
the temperature of a gas wlll expand the gas by 1/2'13 part of lts volume at o0 c; a rise 
of :a°C. wlll increase the volume by 2/2'13 of its volume at .0°C; or a 2'13 ml. volume 
of a gas would become 2'14 ml. and 2'16 ml. respectively. Also a 1°C. fall in temper
ature of 2'13 ml. of· gas will become 2'12 ml. or be reduced by 1/2'13 part of lts volume 
at 0°C. For the purpose of fi:lB calculations we use a "Absolute" or "Kelvin" scale of 
temperature at which 273°A = 0°C. 

The value of 1°c. and 1°A is the same (Flg •. 20 , p, 62a) except that the freezing poiDt 
on the absolute scale ls 273°A and boiling point ls 3730A as opposed to 0°C. to 
100°C. on centigrade scale. 

It le .the absolute temperature that ls always used when calculating to correct for 
temperature changes 1n tAle gaeometric analysts. 

It will be of value to the tectm!ctan to Jmow the general formulae for conversion 
from the Fahrenheit to the Centigrade scale and from the Absolute to the Centigrade 
as seen 1D Figure 20. 

Conversion of Fahrenheit to Centigrade 

C : (F-32) x 5/a or c : F-32 
1.8 

C : (212-32) X 5/9 c = 212-32 
1.8 

C : 180 x 5/9 = 100 C : .lli. = 100°C. 
1.8 

Conversion of Centigrade to Fahrenheit 

F : . (100 X 9/5) /- 32 

F : (20 X 9) /- 32 

F : 180 I- 32 : 212o 

F : (100 • 1.8) 1- 32 

F : 180 1- 32 

Centigrade to Absolute (or Kelvin) 
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If Doyle's and Charles' Laws are combined: 

V ~(1/P) x T 

and in genP.ral: V : nR x T /P or PV • nRT 

where n represents the number of moles of gas prP.sent and R is the molar gas constant, 
the numerical value for which depends upon the units in which the pressure and volume 
and temperature are expressed. For pressure in atmospheres, volume in Uters and 
temperature in degrees absolute, R is equal to 0. 08205 liter-atmospheres per mole 
per degre~. 

Thus if we know the volume in liters, the pressure in atmospheres, and the temp
erature in absolute degrees, we can calculate the number of moles of gas present. 

Dalton's Law 

Dalton's Law states that the total pressure of a gas mixture is the sum of the pres
sures of the individual gases in the mi~ure, 

Uenry's Law 

Henry's Law states that the solubillty of a gas in a llquid is proportional to the 
pressure of the gas. Each gas has its own sohlbUity coefficient k. Temperature Ja
£_r~ will decrease the solub111ty of gases in Uquids so~ wUl vary wlth the temper
ature. 

II the amount of a gae present is to be expressed in terms of a volume, the tem
perature and the pressure must be stated. The usual values chosen for a standard 
temperature and pressure are: 

ooc. (273° absolute) 

760 mm. Hg (mercury) (one atmosphere) 

When 1t is necessary to convert a volume of gas at one temperature and pressure 
to the volume at another temperature and pressure the following formula is useful; the 
subscript "1" refers to one set of conditions and 112" to another. 
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Example: A gas measured at 20°C. and at 740 mm. lfg. pressure had a volume 
of ao. '1 ml. What would be Its volume measured under standard conditions? 

740 x 30. '1 = 760 x v2 
20 ~ 2'l8 2'13 

v2 : (740/760) -x (2'13/293) x 80,7 

11: 0, 874 X 0. 932 X 30,''1 

: 1'1. 8 ml. 

lfote that the temperature correcUon factor and the pressure correction factor caa be. 
handled separately. 

Water V!por Pressure Correction: 

When the volume of the p.s ls measured over water, part of the pressure (and part 
~~ the YOlume) ls due to water vapor. The eaaieat way to handle this correcUon la to 
aubtract the parUal prea8UI'e of water vapor at the observed temperature from the total 
preasve to give the pre8Bure due to the dry ps. 

Temperature Vapor Pressure Temperature Vapor ~asu.re 
oQ. mm. !fl. ocz mm. u.r. 
11 12.8 28 26.2 
18 13.8 1'1 28.'1 
11 1-'.& 18 18.8 
18 15.1 It 8o.o 
18 18.6 10 81.8 
20 1'1.6 81 88.'1 
11 18.'1 31 86.7 
12 18.8 88 8'1.'1 
21 11.1 '" 39.8 
2-' 12.4 31 -'2.2 
25 23.8 

Example: A ps sample ls measured at 27°C., at '160 mm. Hg. pressure, and 
oftr water and ita wlume ls found to be 3-'. 2 ml. Calculate the volume of the dry pa 
at standard c:ond1Uons. 

At 2'100. the vapor pressure of water is 26. 'I mm. Ill· (see table). Then 
using the formula: 
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('160 - 26. 't) X 34. 2 • '180 X v 3 

(27 ; 273) 273 

Va : (123, 8/780) X (273/300) X 34.1 

: 0.982 X 0.910 X 3~.2 

: 28.8 ml. 

Molar Gas Volume: 

Equal volumea of all paea eonta1D the same number of molecules. Thu each pa 
baa a molar volume of 22.4 litera (at atandard temperature and pressure). Thus we 
can calculate moles (and grams) from volumes and, vice versa. 

Example: Convert 29.8 ml, co2 (M. W. "> at standard temperature and presaure 
to mole• and also to grams. 

29.8 ml. : 0.00182 moles or 1.32 mM 
12,400 ml. 

1.32 x 44 • &8.1mg. or0.01582s. 

There are TWO .QENERAL METHODs OF GAl ANALY8J8 

(1) Volumetric -"volume measurement" 
·The pressure is "set"· (usually -at atmospheric presaure). 
The volume is read (and alao·the teu,.perature). 

(I) Manometric - ''Pressure .measurement" 
The volume ls ·set ·(usually at 2. 0 or 0. 8 ml.) 
The preaaure la read (usually ln terms of mm. He.) (and the temperature 
la also read). 

For further details of specific usee of gas ~lysta, see Carbon Dioxide, p. 129. 
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URXNE COLLECTION AND PHF.SEHVATION 

In this work 24-hour samples of urine are usually used. Quantitative d~termlna
tlons of the constituents of random voidlngs arc of no value or significance in the inter
pretation of metabolic processes. lt is only when all urine produced by the kidneys 
over a known period of time is analyzed that conclusions can b~ drawn as to what the 
body is doing with various foodstuffs. The shortest period of time that is usually practi
cable for this purpose is an hour, but a twent.v-four hour sample is usua.lly preferable, 

Collection of 24-hour urine specimen: 
It is necessary to have a bottle of about two liters capacity, with a stopper or cover. 

The bottle should be clean. In it is placed 1 to 2 ml. of toluene to act as a preservative. 
(In some cases the use of toluene must be avoided). 

At a convenient time in the morning (say 7 o'clock) the bladder is emptied and the 
specimen is discarded. This voiding represents urine produced by the kidneys before 
the time of collection. Thereafter all urine voided up to and including the 7 A.M. void
ing (or the time corresponding to that of the discarded specimen of the previous morn
ing) is placed in the bottle, which should be kept in a cool place .. Analyses should be 
carried out as soon as possible after collection of the specimen. 

If it is not possible to collect the entire 24-hour specimen in a single container, 
all portions of it should be poured into a single container and mixed well to: make it 
homogeneous before any sample is removed. Thereafter the specimen should be stirred 
up well each time a sample is removed. Otherwise, more or less of the sediment will 
be taken out than should go with the removed portion, the composition of the removed 
portion and of the remaining portion being changed thereby. 

Measurement of volume: 
Since the amount of a constituent in the whole specimen is found by calculation 

from the amount determined in an aliquot, it is necessary to know the exact volume 
of the 24-hour specimen. Hence the volume should be carefully measured before any 
other determination is made. Sometimes it is necessary to determine the separate 
volumes of the urine excreted in the first 12 hours and that excreted during the second 
12 hours. Volume measurements can be carried out during collection of the specimen, 
but none of the specimen(s), should be discarded. Specimens for routine urine analysis 
with no quantitative determinations may be random, although it is much preferable to 
obtain morning specimens for this purpose. 

Preservatives: 
1 .. Toluene is a very acceptable preservative for urine for general use. 
2. Formaldehyde or oxalic acid may be used in special cases. 
3 . Sodium carbonate 5 g. is used in addition to petroleum ether or toluene for the 

preservation C')f the biliary and porphyrin pigments. 
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4. A few rnl. of glacial acetic acid may be used In cases In wh.lch ma.lntenance of 
a.n acid pH is required such as Addis Counts and Calcium fn urine. 

5. The best method is storage in a refrigerator but this .Is not always practicable. 

Changes during storage of urine: 
1. Bacterial action. Since urine is usually not collected aseptically, it is not 

sterile. However, if clean containers are used, little change will be noted in a .24-
hour collection period especially if it is kept cool and stoppered during the collection 
period. 

Bacterial action on urea: 
This results in the formation of ammonia, carbon dioxide, and a change in 

pH. Ammonia. (and ita nitrogen) may be lost to the air. If the urine becomes alkaline, 
calcium and magnesium phosphate salts will preclpttate. 

Bacterial action on glucose: 
In a specimen containing glucose, the above actions may be accelerated and 

the glucose may disappear due to Its ut111zation by the bacteria. 

2. UriC acid and urates may precipitate on allowing the urine to stand, especially 
in the refrigerator. Before analysis, all sediments must be well suspended and a 
sample taken of the well mixeci specimen. Other changes may occur, some of which 
are mentioned under the particular method when necessary. 

FECES COLLECTION 

For qualitative tests, such as for occult blood, only a portion of the stool collec
tion need be sent to the laboratory. However, lt is important that this portion be 
carefully selected, preferably by the physician ordering the test. 

For quantitative tests, and especially for balance studies, complete collection of 
all stools passed is necessary. The stool should be collected in such a way that urine 
does not become mixed with the sample. In most cases, it is possible by inspection to 
detect urinary admixture. Considerable amounts of chloride also indicate urine con
tamination since feces contain Uttle chloride ion. 

Marking of feces: 
In balance studies it is sometimes desired to collect all feces formed during a 

given period of time, say 3-4 days. 
A neutral substance such as charcoal, carmine, gentian violet in amounts of 6 

grains (300 mllligrams) may be given in a gelatin capsule with the first meal of a given 
experimental period and again with the first meal aft~r the experimental period has 
ended. Thus the first feces associated with the test period will be that first marked 
with the dye. The first feces after all test period samples have been collected will be 
marked with dye and should be discarded. Save the first marked specimen and all 
stools thereafter up to, but not including, the next marked specimen which should be 
discarded. 
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Sampling of Feces: 
Since the constitution of feces ls variable the problem of sampling the total col-· 

lection is critical. 
1. Dry mixing and sampling -the entire sample is dried, ground, and then well 

mixed. A properly withdrawn aliquot ls then analyzed. 
2. Wet mixing and sampling -this procedure uses a Waring blendor to produce 

a homogeneous pipettable suspenaloQ. 

Procedure: 
1. The sample is collected into a large jar with a wlde mouth, up to three daya. 

The sample is always kept in a refrigerator. 
2. At the end of that tlme, approximately 1500 ml. of water 11 added, and the 

lld of the jar stoppered tightly. 
3. Add 1 ml. of caprylic alcohol to prevent foam, and shake vigorously. 
4. Pour. portions gradually into a Waring Blendor and homogenize completely. 
5. Add all the homogenized portions to a 2000 ml. graduated cylinder and dilute 

exattly to 2000 ml. 
6. Pour all into a large bottle or flask, mix by shaking and pour allquots into 

two 250 ml. brown bottles. Stopper well. 
7. Deep freeze until used for analysts. 
8. For individual analyses, see the appropriate determination. 
9. For almost allldnds of analysis, aliquots may be measured accurately from a 

Yale BD Lok-Syringe, which delivers accurately to 0.1 ml. lf proper,ly handled. 

Calculations: 
U the collection period was three days, for an,y given constituent: 

g/day :II (g/ml.) ~ 
3 

Precauttonsi 
1. Fill bottles only 2/3 full, as in freezing the expansion will cause the bottles 

to c rae k 1f full. 
2. Steps 4, 5 and 6 are critical. Unless the specimen ls homogenized well enough 

to ~ ptpetted· accurately, results will be unreliable. No discrete particles must re
main in the final mixture. 

Preservation of feces: 
Specimens should be analyzed as soon as collected to avoid the necessity of add

Ing preservatives. 
If feces must be preserved 1t is best to treat them as indicated under wet mixing 

above. 
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COLLECTION OF BLOOD SPECIMENS 

The clinical analysis of blood (as well as of urine and other biological materials) 
really starts with the patient. In order to obtain as rep·roducible reaults as possible, 
most blood samples are collected from patients in a "post-prandial" state. This is the 
time at about 12-14 hours after food has been taken, usually in the morning before 
breakfast. This procedure minimizes the effects due to digestion and absorption of 
foodstuffs on the one hand, and the effects of "starvation" (i.e., mob111zation of tissue 
fat and carbohydrate) on the other. In some analyses it is also important to limit the 
motor activity of the patient (e. g . , by keeping him in bed) before the sample is taken. 

There are a number of routes by which blood samples may be taken. They wUl be 
noted here, together with a brief outline of the essential points of the procedure. 

I~ Capillary Collection: 
Capillary blood is most frequently obtained from a finger or thumb, ear lobe or 

heel (in infants). The site is first cleaned with alcohol or acetone, the solvent is al
lowed to dry and the site is then pricked quickly with a sterile needle. A freer flow of 
blood is obtained if the area is warmed for 10-15 minutes before a collection, and .if 
this is done, the characteristics of capillary blood closely approximate those of arter
ial blood, especially when taken from finger or thumb. The prick should be deep 
enough to insure sufficient flow for the collection. 

This procedure is usually used when it is desired to collect 0.1 to 0. 2 nil. of blood 
although up to 2 ml. can sometimes be obtained by this method. 

The blood is usually collected directly into pipets calibrated "to contain." The 
bore is quite small so that the blood runs into them without aspiration if they are kept 
horizontal. This is true only if they are scrupulously clean. 

The blood is allowed to flow into the pipet until it is filled to just above the calibra
tion mark, the upper end is closed off with the top of the forefinger. After adjusting 
exactly to the mark by tipping the end of the pipet to a filter paper, or to the finger, the 
pipet is wiped clean and the contained blood is allowed to run into a tube containing 
water . or other diluting solution. By alternately blowing and aspirating, the blood is 
washed from the pipet by the solution. Various types of solution may be used depending 
upon the analysis to be made. See deproteinization, p. 76. 

ll. Venous Collection: 
Since usually more than one determination is to be carried out, venous collection 

is preferable. The blood is usually withdrawn from a vein in the antecubital space of 
the arm. The syringe used should be large enough to collect the entire specimen. In 
most cases, the tourniquet used to demonstrate the vein should be removed before the 
blood sample is collected since stasis of the blood alters some of the clinically signi
ficant J:>lood values. For det.·lils and illustrations of the tee hnic of venipwtcture see 
T.he Handbook of the Medical Corps, U.S. Navy and also the Serology Manual. 

After the sample has been obtained and the needle removed from the vein, pressure 
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should be maintained on the site to prevent peri-vascular hemorrhage. The blood in 
the syringe is then promptly transferred to plain tubes, or to tubes containing anti
coagulant (see below). 

In. Arterial collection: 
Collection directly from arteries is rarely made. It may be taken for blood-gas 

studies. It is usually withdrawn from the radial or brachial or the femoral artery and 
usually under local anesthesia. 

Prevention of Hemolysis: 
In many determinations it is preferable to use serum.. Certain determinations can

not be nm if there is even a small amount of hemolysis. It ~s worthwhile, therefore, io 
note the steps that are necessary to prevent hemolysis: 

1. The syringe and needle used must be dry. 
2. The needle used must be of a sufficiently large bore to allow the blood to run 

through it without being forced to too high a velocity. A 20-gauge needle is satisfactory. 
3. Blood should be allowed to flow into the syringe; one should not pull back hard 

on the plunger. 
4. The needle should be removed before the blood is transferred into the clean, 

dry test tube. The blood should be allowed to run gently down the wall of the tube and 
should not be squirted into it. 

5. The tube should be allowed to stand quietly for 10 to 15 minutes wt.thout being 
agitated. It should not be allowed to roll around on the oottom of a tray. 

The same steps can be followed 1n obtaining oxalated blood except that it is neces
sary to stopper the tube and invert gently a number of times as soon as the blood is 
placed in it, to dissolve and mix the oxalate. 

Centrifugation: 
When centrifugation is to be carried out the following principles must be observed 

to avoid damage to the centrifuge or to the operator. 
1. Th~ principle of ''balance" must be observed. Tubes and· cups of equal weight, 

shape , and size should be placed 1n opposing positions 1n the centrifuge head. 
a. Tubes should be buffered by rubber cushions in the brass cups, and additional 

cushioning may be obtained by using water in the brass cups. 
3. The glass tubes used should be inspected to insure that they have no cracks or 

chips. Heavy stoppers, (either rubber or glass) should not be used. Corks are prefer
able in most cases. 

4. When these precautions have been observed, the lid of the centrifuge 11!1 closed, 
and the machine is slowly speeded up until the desired speed is attained. After the re
quired length of time, the power is cut off and the centrifuge allowed to come to rest 
by itself. Rapid slowing by a brake can stir up precipitated material. 
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Choice of B:lmplc: 

When carrying out blood analyslu \'.\! ma.v choose to usc whole blood, serum, or 
plasma, Senun is preferred t.o whole blood or plasma whenever f.ta uae is practical. 
There are a few general principles to be considered in the choice of the sample to be 
analyzed. 

1. If the substance analyzed for is evenly distributed betwef:ln red blood cella and 
plasma (or serum) it does not matter which is used, If a capillary collection is done, 
whole blood may be more convenient. 

2. Some substances present in erythrocytes may ad'(ersely affect the accuracy ot 
the determination by interfering in the reactiou. Ill such cases it is better to use serum 
or plasma. 

3. In some cases the clinically significant variation 1n concentration occurs only 
1n the serum or plasma, for example in serum chloride, which varies much more with 
disease states than does whole blood chloride since the red blood cell chloride concen
tration is relatively stable. 

4. If there are great differences in concentration between rbc and plasma, VIU'la
Uons in hematocrit will greatly affect the results. 

5. It is easier to avoid hemolysis in the production of serum, but when the separ
ation and analysis must be made quickly plasma is usually chosen. 

Preparation of blood for analysis: 
After the blood has been drawn from the patient, it is treated 1n various ways to 

obtain suitable samples for analysis. 
1. Serum: 

Serum should be used wherever it is practicable. To obtain serum the needle 
is removed and the blood in the syringe is transferred without undue trauma to a clean 
dry test tube which can be centrifuged. The tube is allowed to stand quietly without 
agitation for 15-30 minutes. The clot is then loosened from the wall of the test tube 
with a glass rod or applicator stick and the tube is centrifuged for about 5 minutes at 
about 1500-2000 rpm, stoppered with a light rubber stopper or a cork. The serum is 
removed by the use of a rubber bulb fitted to a glass tubing, the end of which is drawn 
out to a coarse capillary. If any rbc are inadvertently included 1n removing the super
natant, the serum should. be recentrifuged before aampling. 

2. Plasma: 
If plasma is to be obtained an anticoagulant must be promptly mixed with the· 

withdrawn blood to prevent clotting. Most of these act by combining chemically with 
the catt of the blood to prevent its participation in the clotting mechanism. Oxalate 
and fluoride act by forming insoluble calcium oxalate and calclt.un fluoride. Citrate 
and EDTA (ethylene-diamine-tetracetic acid) act by forming un-ionized calcium salt 
complexes; heparin acts (a) in the first stage of coagulation to prevent the production 
of plasma thromboplastin, (b) in the second sta~e to 1nhlbtt .the formation of thrombin 
from prothrombin (and apparently as an ant1-2.ccelerin) and (c) in the third stage to 
lnhibit the action of thrombin on fibrinogen. Heparin acting alone is not an anticoagu
lant. It acts ~ conjunction with certa.in albumin fractions of plasma. Due to lack of 
this albumin factor rabbit blood wlll clot in the presence of large amounts of heparin. 
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Antlcoagulants: 
1. The anticoagulant most commonly used til the clinical chemistry laboratory is 

potassium oxalate, K c2o 4 · H 0. Thls salt can be made up in a 30% solution by dis
solving 30 g. In enou~1 water fo make 100 ml. of solution. One-tenth m111111ter of this 
solution contains 30 mg. , an amount sufildent to prevent the coagulation of 15 ml. of 
properly drawn blood. If smaller samples of blood are anticipated, correspondingly 
lesser amounts of the anticoagulant solution should be employed (2 mg. of K

2
c

2
o

4
• H

2
o 

per mllliliter of blood). The proper amount of solution ii'J introduced lnto the bOttom of 
a clean, dry, test tube which is then rolled on 1ts side on & hot plate until water baa 
evaporated, leaving the oxalate as a loose salt deposit scattered oYer the walla of the 
tube. A high temperature should be avoided in order to keep from convertlng the oxa
late to carbonate. Such tubes can be prepared in quantities, stoppered, and stored 
indefinitely. 

2. Mixed oxalate (for hematology). The above salt makes the plasma somewhat 
hypertonic and causes some water to be drawn out of the cells with consequent dilution 
of plasma constituents and shrinkage of the cells. If it is desired to prevent such shUt 
of water and lf the presence of ammonium ions does not interfere wlth subsequent uses, 
a solution of ammonium oxalate, (NH4) c 2o4· H20, and potassium oxalate can be made 
as follows: Dissolve 6 g. of (NH4) 2C2_~4 · H20 and 4 g. of K2c2

o4· H20 in water, dilute 
up to a volume of 100 ml., and miX. One-tenth ml. of this solution contains enough 
oxalate for 5 ml. of blood. 

3. Fluoride (1n the form of sodium fluoride~ NaF acts as an anticoagulant but is 
required in much larger amounts (100 mg. /10 ml. of blood) than is necessary for om
lates. It is commonly used in combination with thymol and oxalate whenever ·bloo~ must 
be preserved for later analysis. Fluoride inhibits the action of certain enzymes (such 
as urease) and this effect must be kept in mind in certain analyses. The following mix
ture of reagent grade chemicals well mixed Is often used in the amount of 5 mg./ml. of 
blood. 

Sodium fluoride, powder (NaF)....... . .. . 10 parts 
Thymol, powder .........••........ , .. , 1 part 
Potassium oxalate, powder . . . . . . . . • . . . . . 3 parts 

(K2c2o4• H20) 
4. Citrate. Sodium and potassium citrates can be used as efficient anticoagulants, 

especially in the collection of blood for transfusion. For analytical purposes , citrate 
bas the disadvantage of causing marked shifts of volume and acidity between erythro
cytes and plasma. About 60 mg. sodium citrate (Na3c6H5o7· 2 (or 5) H20) should be 
used for each 10 ml. of blood. For prothrombin times, some workers prefer the use 
of 3. 8% sodium citrate instead of 2% potassium oxalate. 

5. EDTA - disodlum salt. This is soluble to about 10%. It should be neutrallzed 
to pH 7. 4 before use by the addition of NaOH. The usc of 10 mg. /10 ml. of blood suf
fices to prevent coagulation. For practical use 2 drops of the 10% solution may be 
used for each 10 ml. of blood. It is preferable to dry this solution in the collecting 
tube but if it is not dried, the error by dilution will be about 1% (0.1 ml. in a total vol
ume of 10 ml.) The use of EDT A has some advantages in the determination of sedimen
tation rates, hematocrit, and platelet counting. The potassium salt is fifteen times as 
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soluble as the sodiwn s;~lt and thus may be more convenient to use. 
~eferences to EDTA uae: 

Am. J. Clln Path. 23, 613 (VJG3) 
II 11 II II 25 

0 
10 !}0 (11\55) 

USAF Med. J. !· 1556 (1!}53) 
6. Heparin. This substa,nce is a naturally occurring subotance found in liver and 

lung and is extremely effective in preventing U1e coagulation of blood. The very pure 
preparations require only 1 mg./100 ml. Th~~ usual preparationa are effective when 
used in the proportion of 0. 5 mg. /10 ml. of blood. Preparations are available as the 
sodium salt and as the calcium salt. Some preparations have significant amounts of 
phosphate as well. This inorganic ion content should be considered when heparin is 
used as an anticoagulant. 

Precautions: 
1. With all of these anti-coagulants, if plasma is to be UBcd, it should preferably 

be separated from the rbc as quickly as possible. 
2. If whole blood is to be used, it is extremely important to thoroughly mix the 

sample of blood before a sample is withdrawn. If this is not done, any constituent with 
unequal distribution (by volume) in erythrocyte aud plasma will be estimated with an 
original "built-in" error. This error, due to inadequate mixing, is very common in 
most clinical chemistry laboratories. It can be eliminated only by unending vigilance 
on the part of the director and the individ~allaboratory technicians. 

Changes in stored blood: 
Certain changes in the chemical constitution of blood, some of which are listed be

low, occur when blood is stored. In general, it is best to analyze samples as soon as 
possible after collection. If serum or plasma is to be used, prompt separation from 
the cell mass is recommeuded. 

Some of the possible changes are: 
1. Loss of carbon dioxide: this is more rapid when the exposure to the air is in

creased. When this occurs, the cells are involved by way of the chloride shift (see 
p. 34). To minimize this loss of carbon dioxide, blood may be collected without con
tact with air in ''Vacutainer" tubes (see p. 75 ). under oil or under mercury, or mere~ 
kept in a capped syrb;1ge with suitable anticoagulant until it is analyzed. 

2. Glucose is metabolized: the red blood cella utilize glucose and part at least is 
converted to lactic acid. This results in a low blood sugar and also in pH changes in 
the blood. 

3. Plasma inorganic phosphate may increase due to hydrolysis of sugar phosphate 
esters in the rbc and their transfer to the plasma. Prompt separation of plasma or 
serum avoids this. 

4. Ammonia may be formed by bacterial action on the urea of blood, and this pro
cess is quite rapid in contaminated specimens. This formation of ammonia interferes 
in the cobalti-nitrite chemical method for potassium. 

5. Some substances diffuse from the rbc to plasma. Potassium will diffuse (a) 
from plasma to rbc at first, (b) later from rbc to plasma. If whole blood is kept cold, 
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the cell potassium will dllfuse to the plasma. Prompt separation of serum and cella 
prevents this type of error. 

After separation, the samples of serum or plasma may be stored 1n the refrig
erator or frozen. Details of the effects of various types of storage on the individual 
determlnattone will be mentioned apeclflcally (when they are known) under each 
method. 

''Vaeutalner" Tubes: 

It ls possible to obtain spedal evacuated tubes, which can be prepared eontatn
lllg antl-eoagulaDt, from several commercial sources. These make it possible to 
collect venous blood without exposure to alr and thus without loss of carbon dloxlde. 
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PHOTEIN-FHEE FlLTHATES 

Introduction: 
In most of the clctcrmlnationa to follow, the removal of p1·otefn from the solution 

is the first step in the analysis. Proteins remain ln solution because the forces tending 
to separate the individual protein molecules nre greater than the forces tending to bring 
them togetl1er. These separating forces are: · 

1. Electrical charge on the protein. This is present whenever the protein is away 
from its isoe lectric point, 1. e. , when it is ionized. 

2. Hydration. Since most proteins contain many polar (hydrophilic) groups, a 
shell of water forms around the protein molecule. 

Any procedure tending to decrease the magnitude of these two separating forces 
will tend to precipitate the protein. 

Some general procedures used to precipitate proteins are as follows: 
1. Adjustment of pH to the !so-electric point. Some proteins precipitate when 

brought to their !so-electric point. For example: the casein of milk will precipitate 
when the milk is "soured" or "brought to the !so-electric pH of casein. " The !so-elec
tric pH (or point) is the pH at which the number of negative charges on the protein par
ticle equals the number of positive charges; 1. e., there is a zero net charge. 

2. Alteration of hydration by the use of (a) strong salt solutions, (b) non-aqueous 
solvents (su.ch as alcohol) at low temperatures and (c) evaporation of water at low tem
peratures (lyophilization) all serve to precipitate proteins and usually result in little 
or no alteration in the structure or natural state of the protein; i.e. , little or no "de
naturation. " 

3. Denaturation of a protein produces a change (usually a decrease) in solubility. 
This denaturation may be brought about by (a) heat, (b) non-aqueous solvents at room 
or elevated temperatures, (c) strong acids or alkalies, and (d) other types of reagents 
or physical procedures. 

4. When proteins are charged (ionized) they will combine with other ions to pro
duce insoluble compounds. 

(a) When they have a positive charge; 1. e. , they are cations (existing as protein, 
they wi~l combine with "heavy anions" (called alkaloidal ~eagents) such as picrate, fer
rocyanide, tungstate, etc. ; to give less ionization. 

(b) When they· have a negative charge, 1. e. , they are anions (protein-) they wlll 
combine with heavy metal ions or other heavy cations such as mercuric, lead, zinc, 
etc., to give decreased ionization. 

With each of these methods using heavy cations or heavy anions, there is a more 
or less complete denaturation of the protein when the precipitation occurs at room 
temperature or above. If precipitation with heavy metals is carried out at low tem
peratures (0°C.) the protein may be recovered in essentially its native state. 
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There have been many different procedures used for the preparation of protem
free filtrates. The most commonly used one is that 1nvolvi'1g tlmgstic acid. Unles~t 
otherwise noted in tl1e speciilc method, a protein-free filtrate refers to a fUtr.ate 
prepared as noted in the tungstlc acid methods below. 

METHOD I 

Reference: 
Folin, 0., and Wu, H., A system of blood analysis, J. Bioi. Chem., 38, 81 (1919). 

Reagents: 
1. 10% sodium tungstate. Dissolve 100 g. reagent grade, carbonate free, sodium 

tungsta~e (Na2 WO 4 · 2H2 0) in water and dilute to 1 liter, mix. This solution is stable 
indefinitely. 

2. 2/3 N H2SO . Weigh out 35 g. of concentrated sulfuric acid" in a small tared 
beaker, dilute to 111ter with water and mix. Check by titration against standard alkali 
and adjust if necessary. 

Procedure: 
To 1 volume of blood in an Erlenmeyer flask, add exactly 7 volumes of water, mix. 

Add 1 volume of 10% sodium tungstate and mix. Add slowly and with shaking 1 volume 
of 2/3 N H2so4. Stopper the flask securely and shake hard. Only a few bubbles should 
form and a hard metallic splash should be heard. Let stand 3 minutes. Pour slowly on 
to a dry filter and collect the filtrate. 

METHOD llA. 

Reference: 
Haden 'Modification of Folin Wu protein-free filtrates:. J. Biol. Chem~. 56, 469 (1923) 

Principle: 
In this modification the blood is laked and proteins given a positive charge by the 

acid; i.e., they become cations. Then, addition of the tungstate results in the forma
tion of protein-tungstates. This procedure employs fewer solutions and gives more 
filtrate than Method I. 

Reagents: 
1. 10% sodium tungstate, as in Method I. 
2. N/12 H2so4. Add 2.5 ml. of concentrated H2so4 to 111ter of distilled water. 

Mix well and check by titration against 0.1 N NaOH so that 20 ml. of N/12 H2so
4 

requires 16. 7 ml. of 0. 11!, NaOH for neutralization. 

Procedure: 
1. In a 250 ml. flask place 40 ml. of N/12 H2so4. 
2. Add slowly, 5.0 ml. of blood, mixing well. Allow to stand 1 minute. 
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3. Add 5.0 ml. sodium tungstate 10%, stopper, shake vigorously; let stand 3 
minutes. 

4. Pour slowly on to a dry filter. 

· In these two procedures the protein precipitate is or becomes a chocolate broWL. 
and the filtrate should be absolutely clear and colorless. · It contains all blood con
stituents except protein, diluted 10 times. 

METHOD 1J B. 

Principle: 
Since it is desirable to bind all the tungstlc acid, when serum or plasma is used, 

a modification must be made since less protein is present. Some workers have recom
mended 50% of the amounts used for whole blood, but we have found, along with many 
others, that 70% gives somewhat better results. 

Reagents: 
1. Dilute 7 volumes of N/12 H2so4 up to 10 volumes with water. This dilution 

gives 0 . 058 B H2S04. 
2. Sodium tungstate 7%. Dilute 7 volumes of Na2wo4 • 2~0 (10%) up to 10 vol

umes with water. 

Procedure: 
To eight volumes of 0.058 N ~so4 add 1 volume of serum or plasma. M~. ~dd 

1 volume of 7% sodium tungstate and shllke vigorously. Filter through filter paper, or 
centrifuge. 

METHOD m. 

Reference: 
VanSlyke, D. D. and Hawkins, D., Pre-mixed Tungstlc Acid, J. Bioi. Chem., !!• 

'139 (1928). 

Principle : 
The sodium tungstate and the sulluric acid are mixed before the blood, serum or 

plasma, or cerebro-spinal fluid is added. The tungstlc acid produced is unstable and 
should be freshly prepared weekly. This procedure is especially recommended when 
a large number of filtrates are made daily. 

Reagents: 
Mix: 

or 

1 volume of 2/3 N H SO 4 
7 volumes of distille~ H20 
1 volume 10% Na2 W04 (sodium tungstate) 

8 volumes ~-l/12 H2SO4 
1 volume 10% Na2 W04 

Prepare fresh weekly. Small amounts of 
precipitated tungstic acid do not interfere. 
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Pnft•n: 
A. W1lole Btoo.l: Te t YOiule. of pre-milled t-..ue aeld reapat, add 1•ol1Uile 

-of whole blood. Shake ud lUter. 

B. Serum and Plasma: To a mixture of 6 •olumea of tuagstlc acid 1-eagent and 
4 volumes of distilled water add 1 volume of senma (or plasma) dropwlae with contin
ual shaking. Shake vigorously and Rllow to stand for 10 minutes. Filter. 

C. Cerebro-spinal fluid: To a mixture of 2 volumes of tungstlc acid reagent 
and 2 volumes of distilled water add 1 volume of spinal fluid. This obviously results 
tn a l-6dilutlon instead of the usual1-10, and this should be taken tnto conslderatloa 
tn the calculation of results. 

METHOD IV 
Zinc sulfate-barium hydroxide 

Reference: 
Somogyi, M., J. Biol. Chem .• 160, 69 (1945). 

Prtnciple: 
The reaction between zinc sulfate and barium hydroxide is complex, but in essence, 

results ill the precipitation of two insoluble products, ztnc 1\ydroxlde and barium sul
fate, which bind and occlude the proteiD, removing it from solution. This procedure 
has the advantage of adding no extraneous ions to the solution. 

Reagents: 
1. Zinc sulfate reagent 6%. Dissolve 60.0 g. of ZnS04• 6H30 (or 'IH20) tn water. 

dilute up to 1000 mi. and mix. 
2. Barium hydroxide 0. 30 ~. Dissolve 60 g. of Ba(OH) 2 • 8~0 and dllute up to 

1000 ml. of water. Thl~ solution must be balanced against tlie zinc sulfate as follows: 
Pipet Into a flask 25.00 ml. of the zinc sulfate solution. Add phenolphthaletn 

indicator and titrate dropwlse with the Ba(OH)2 solution, using vigorous stlrr1Dg, to 
a definite permanent pink color. Adjust the concentration of the barium 1\fdroxide or 
the zinc sulfate. Sto~ the alkaline solution with protectlOD from carbon dioxide of the 
air. 

3. Dilute reagents. Add four parts of water to one part of the reagent. 

Procedure A. (For a 1-10 filtrate) 
1. Add to 5.0 ml. distilled water, 1.0 ml. of sample (whole blood, serum or 

plasma). To this add 2. 0 ml. of 0. 3 N Ba(OH)2• Mix and allow to stand 3 to 5 minutes. 
2. Add 2. 0 ml. 6% ZnSO and shake vigorously. 
3. Filter through a dry rftter paper Into a dry container (or centrifuge) to obtain 

a clear filtrate. 
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Procedure B. (For a 1-21 filtrate) 
1. Pipet 10 ml. of dilute barium hydroxide iDto a small dry lluk ud add 1. 0 ml. 

of blood, serum or pluma. Mix well and allow to ataad 3-& miDutea. 
2. Add 10.00 ml. of dilute ziDc suUate reagent, etopper and ahUa. 
3. Filter through dry filter paper tnto a dry coatatHr or centrlfup. Jfotlce that 

in thla case the total volume is 21 ml. and the dtluttoats 1-21. 

Note 1. 
Tbe use of barium-zinc deprotelnizaUon has the advantage of eomewbat 1reater 

speed and somewhat larpr volumes of filtrate can be obta!ned. a remowa eome of 
the nitrogenous constituents contrtbutiDg to the llOil""'lucose reclucbiiJ eab8taacea aad 
therefore blood glucose values closer to the actual glucose coacentratlollare obtabaed. 
It also results in lower normal non-protein nitrogen values and c~rJ¥ the filtrates 
cannot be used for the determination of utlc acld or ereaUnine since these do not ap
pear in the filtrate. 

Note 2. 
Other volumes and concentrations can be used provided the same proportf011 of re

agents is used (2 ml. each of 6% ZnB04 and 0.3. N Ba(OH)2 for each mi. of b~. By 
this method a clear filtrate may be Obtained regardless of how small an amount of 
protein may be In the biological fluid. This is not true of the tungsttc acid filtrate. 
rhe mixture can also be centrifuged and an aliquot removed by pipet or by cktcantaUon. 

Note 3. 
Sodium 1\fd.rox.lde ma-y be substituted for. Ba(OH)1 of the same normality, wbeD 

whole blood is used, but some protein Is left 1n solution when serum or plasma is used, 
unless heat Ia also applied. 

Other methods of precipitation: 
The methods mentioned above, are those UpOD whose use Ia baaed moat ol our bulc 

clinical values, together with the pathological variations characteristic In diseases 
states. In some cases, the use of tungstlc acid fUttates bas been found unsatisfactory 
and other methods have been resorted to. Examples of these wlll In most casea be 
found in the manual associated with those methods. These are reagents such u &IDe 
and copper hydroxides, trichloracetic acid, picric acid, etc. In addJUon there are 
numerous modifications of the tungstlc acid and the metalllc 1\fdroxtde procedures, 
each with some particuhr advantage. Those outlined above wlll suffice for most pur
poses. 

METHOD V 
Micro-filtrates: 

In some cases, the amount of sample available may be limited, maldnglt necessary 
to reduce the volume of the reagents proportionally. Whenever a "to contain" pipet Is 
used, It should be remembered-that a "rinse-out" technique is required. 
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Procedure A. Mlero-modtflcatlon of Method n A 
lllto a teet tube, which can be centrifuged, Introduce 1. 80 ml. N/12 H2so4• 

from a flnger Up (or heel or ear lobe) prick, collect 0. 20 ml. of blood In a "to eODtaln" 
pipet. Rinse baek and forth in the 1. 60 mt. N/12 H2so,. at least eight times and thea 
add 0. 20 ml. lOCJ, sodium tungstate. Mix well. (The acid aad tungstate may be mixed 
prior to addlUOil of the blood.) Centrifuge aad plpet 1. 0 ml. of the supernatant for 
... ~)'.Is. 

Proeedul'! B. Mlero-modlffeatiOD of Method Dl A. 
Into a tetll ttlbe. wbleh etbl be eelltrlfupcl, add 1. 8 ml. pre-mt•d tungstlc acid 

reagent. Pram a 0. 2 ml. ''to contain" capillary ptpet, Introduce the ample of blood, 
rinsing back alld forth at least 8 times. Centrifuge and pipet aa aliquot for analysis. 

Procedure C. Mlcro-modlfleatlon of Method IV B. 
To 1. 0 ml. of 0. 01 !! Ba(OH)2 or (NaOH) add, uem1 a t. t ml. ''to eontaln" pipet, 

0. 2 ml. blood, rinsing aa deserlbed above. Add 2. o ml. 1'1 znao4, mix well, eeatrl• 
luge and use the supernatant as a 1-21 diluted blood filtrate . 
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ACETONE (and ACETONE BODIES) m SERUM 

1\eferellcee: 

(1) Dumm. R. M., ud Shipley, R. A., The Simple Estimation of Blood 
Ketones 1n Dlabetlc Acldosls. J. Lab. Clin. Med. !!,. 116a (1946). 

(2) Greenberg, L. A •• and Lester, D., A Micro-Method for the determbl
attca of Acetone and Acetone Bodies. J . Bioi. Chem. ~. 1'1'1 (1944) 

(3) Shlpley, R • . A., and Long. C.N. ·H.; Studies on the Ketogellic .Activity 
of the Anterior Pituitary~ Biochem. J . 32, 2242 (1938). 

Prlllclple: 

Sodium nltroferrkyanide (sodium nitroprusside) in the presence of weak alkali 
(ammonia) will give a purple color with aceto-acetic acid and with acetone. 
B-hydroxybutyric acid does not give a positive test. The test applied to acetoacetic 
acid ts live to ten times more sensitive than when applied to acetohe. 

Acetone Test Powder 
Grind separately (if not a fllle powder) the following ingredients~ 

Sodium nitroferricyanide 1 gram 
Ammonium sulfate (dry) 20 grams 
Sodimn carbonate (anhydrous) 20 grams. 

The three ingredients are mixed, without grinding, in a screw-capped 
bottle. The mtxture must be kept dry at all times and under these conditions is 
stable for three months or longer. 

Procedure: 

1. For each test, place a pinch of the mtxed powder, 5 millimeters in diameter, 
on a circle of whtte filter paper. Add one drop of serum without stirring. A positive 
test is indicated by a red to purple color. 

2. If a positive test is obtained by undiluted serum , make successive dilutions 
by adding water to the sample, testing each dilution as above. 

This procedure may be applied to urine and to spinal fluid. 
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Calculations: 

The mlnhnal concentration detectable under these conditions ls 10 m1. acetoH 
per 100 ml. serum. Thus the dllutton factor multiplied by 10 gives the approximate 
concentration of acetone bodies (expressed as acetone) present In the orJgiDal nrum. 

Example: 

A serum from a diabetic In coma was successively diluted aad tested. 
The dUutton of ( 1 .f 6) gave a positive test and that of (1 .f 8) pve a Deptive 
test. 

8(dllutlon factor) x 10 • 80 mg.% acetoDe 

StandardlzaUon: 

In order to check the rellablllt¥ of the test, a known acetone soluUOil of about 
60 mg.% acetone may be prepared as follows: To 100 ml. of distilled water add 
2 drops pure acetone- mix well. Use as serum In the procedure outllaed abcmt. 

Interpretation: 

The normal serum contains 1 - 8 mg. of acetone bodies (as aeetoDe). Ill dllbebtl 
elevations up to 300 - 400 mg. per 100 ml. may be seea. In normal uriDea up to 
50 mg. per day are seen while In diabetes 10 to 60 grams per liter may be fouad -
over half In the form of B-b,ydroqbutyrlc add (which does not react In thl8 test), 

This test Is valuable in dlstlnguJshlng between true dlabettc acidosis Ill wltlch 
the serum acetone exceeds 60 mg. I and surglcallndicatloos in a diabetic, •·I·. 
acute abdomen with vomltlng, etc .• In which the blood level rarely exceeda • 1111· 1. 
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References: 

ADlU;NAL INSUFFICIELICY ! E!::'l· 
(KcpL~ ·!'ower Walt.l.' Tea.t; 

(1) Robinson, F. J., Power, M. H., and Kepler, E. J.: Proc. Mayo Cllnle 
18, 6'l7 (19•U) 

(2) Levy, M. S., Power, M. H., and Kepler, E. J.: J. CUa. Endo~riaol. 
!· 807. (1948) 

(3) Cutler, H. H., Power, M. H., Wilder , R. M.: J.A. M.A. 111, llf (1838) 

Principle: 

Patients having Addison's disease show 
(1) a decreased abtUty to rapidly excrete water after IJlc:reased Intake 
(2) excessive amolUlts of NaCl are excreted and there ia a tendency to 

retain urea. 

Procedure 1: (Based on volume of urine) 

The Water Test- On the day before the test the patient eats three ordJDaioy 
maala but omits extra 8.'\lt, He is requested not to eat or drink anything after 8 
o'clock iJl the evening. Until t~da time he may drink water as deelred. At 10:30 
P.M. he Is requested to empt;• his bladder and discard the urlae. All uriDe which 
le voided from then on lDl.tU 'lnd Including '1 :30 A.M. ie collected. The volume of 
this urine is measured and saved. for chemical analysis If this ahQuld be neceaaary 
later. Breakfast ls omitted. The patient ls asked to void again at 8:30 A.M. and 
Immediately thereafter he is given 20 ml . of water per Idiogram of body wetpt 
(8 ml. per pound). He is asked to drink this within the next forty-five mJllutes. 
At 9:30, 10:30, 11:30 A.M. and at 12:30 P.M. he ie requested to empty hta bladder. 
In order to eliminate the effects of exercise and posture on urinary excretloll, be 
ls kept at rest in bed except when up to void. Each specimen l8 kept 1Jl a separate 
container. The volume of tbe largest one of these four specimens 1• meaaured, 

Under these conditions some patients having Addison's disease will excrete so 
little urine that they are unable to void more than once or twice durlnc the entire 
morning. In such instances the amount of urine excreted per hour may be calculated; 
frequently however, such calculations are unnecessary because of the very low uri
nary output throughout the entire morning. 

Inferences that may be drawn from Procedure 1: These are as follows: 

1. If the volume of any single hourly specimen voided during the momln&le 
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1renter than the volume of urine Yotded during the night (10:30 to T:3t A.M.). the 
response to the test ls aegatl.e. that Is. sueh a response Indicates the deeDee of 
Addison 's disease. The authors stnte that they have not encountered ur exceptloet 
to thts ntle . 

z. If the volume of the largest hourly specimen Yoided duri.at the moralnl te 
less than the volume of urine voided during the night, the reeponee &o the test Is 
positive, that ls, Addison's disease ma.y or may not be preseat. To establish the 
diagnosis, Procedure 2 should be instituted. · 

Procedure 2: (Based on Chemistry of blood and urin~ 

To carry on with this procedure blood Is drawn, preferably under oU (or In a 
vacutainer tube), while the patient is still fasting, and the plasma analyzed for lte 
content of urea and chloride. The specimen of urine which was voided durilll the 
night Is also analyzed for urea and chloride . From these four deter~,nlnatlolll lhd 
from the results obtained from Procedure 1 the following equation is solved: 

A _urea in urine (mg.%> x Cl- In plasma (mg. %)x volume of day urtn~ (tnl. i 
- urea in plasma (mg.%) ci- In urine (mg.%) \l'olwne of night urine (ml.) 

The term "day urine" applied to the largest of the hourly specimens voided durf.Dg 
the day; "night urine," to the entire amount which was voided from 10:30 P.M. to 
T:30 A.M. It Is Immaterial how these values are expressed provided that the same 
method be used throughout the equation. For example, 1I the concentration of plasma 
chloride Is expressed as mg. of NaCl per 100 ml. the cone. of urinary chloride 
should be expressed ln the same way. 

Inferences that may be drawn from Procedure 2: These are as follows: 

1. If the value of A in this equation is greater than 25, the patient probably does 
not have Addison's disease. 

2. If the value for this equation is less than 25, the patient probably has 
Addison's disease provided that renal failure has been excl~ded. 

The authors have encountered low ratios 1n cases of nephritis, diabetes inslpldus 
and in case of dehydration and fever. With the exception of two cases the question of 
Addison's disease dld not arise . In these two instances , the Cutler-Power-Wilder 
test excluded Addison's disease. Use of a more complex mathematical expression 
than the one given has also served to distinguish the response of patients having Addi
son's disease from those having nephritis. 
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If the results of Procedure 2 are at all equivocal or U they are BOt llldl.catbe of 
Addison's disease when there Is strong clinical e•ldence to the contrary, the teat 
devised by Cutler. Power and Wilder may be eondueted~ This can be lnatltuted im
mediately. When tbls.la doDe, noile of the patient's Ume ls wasted since tbe ~of 
the "water test" constltutes the first day of the pro•ocatlft test. Tbwa far we law 
encountered only two instances ln which lt was necessary to resort to the Caller
Power-W11der test aDCIID those eases lt a1ao yielded IDdeclahe results. 
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Ueft=rences: 

ALCOHOL, ETH'lL 
(Blood, Urine, etc.) 

1. Bogen, E.: A quantitative study of acute alcohollc tntox1at1on, Am. J. Med. 
Sci. 176_, 153 (1928). 

2 . Hall, W. W. : Drunkenness. Navy Medico-legal AsJM!cta, U. 8. Navy Med. Bull. 
34. 149 (1936). 

3. Newman, H. W. , and Ashenburg, N.J.: A quantitative fJtudy on lntoxlcaUon. 
U.S. Navy Med. Bull. 4:4, 744 (1945). 

4. Oradwohl, Legal Medicine, Mosby Co., (1954). 

Principle: 
The sample is aerated in the presence of a reagent which fixes certain non

alcoholic reducing agents. The volatiUzed alcohol is then drawn over into and reacts 
with potassium dichromate as follows: 

2K2cr2o7 I SH2so4 I :ic 2H50H ~ 2K2so
4 

I 2Cr2 (B04)
3 

I uu
2
o .;. acu

3
cooH 

The reduction of crl6 -.; cr13 involves a change of color from yellow to green. 
The degree of color change is compared to a set of lmown standards. 

Apparatus: 
See illustration of aeration apparatus page 88a. 

Reagents: 
1. Anstie 's Reagent: 

Prepare a 50% (V /V) solution of sulfuric acid in the usual DUUlller (see 
stock reagents p. 20 ) . Weigh out 3. 333 g. reagent grade potassium dichromate 
(K Cr 0 7) dried 24 hours at 110°C. Dissolve the potassium dichromate in about 
soa mf. 50% H2SO4 in a liter volumetric flask and dilute to the mark with 601 H2SO4• 
This reagent is stable but keep it protected from direct sunlight. 

2. Scott-Wilson Reagent: 
Dissolve 1 g. mercuric cyanide, Hg(CN)2 in 60 ml. distUled water. Add 

a solution of 18 g. of sodium hydroxide NaOH in 60 ml. of distUled water, stirring 
vigorously. Add slowly with stirring 0. 29 g. silver nitrate dissolved in 40 ml. dis
tllled water. The mixture should be clear and may be used immediately. If turbid, 
allow to stand and decant the clear supernatant for use. This reagent keeps about 2 
months. 

3. Liquid Petrolatum(paraffln oil): The silicone defoamer, Dow-corning Anti
foam A, may be used. 

Procedure: 
1. Arrange ~he aeration apparatus consisting of a train of five tubes as shown in 

Fig. 21, p. 88a. 
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Figure 21. Bogen's blood alcohol apparatus. 
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2. Add to the tubes as follows: 
Tube 1- 6 ml. Anstle's reagent 

2 - 1. 0 ml. sample (Ostwald pipet) 
1. 0 ml. Scott-Wilson reagent 
-i ml. H

2
o 

6-10 drops liquid petrolatum or anti-foam 
3 - nothing added 
4 - nothing added 
6 - 6. 00 ml. Anstle 's reagent (volumetric pipet) 

3. C9nnect all tubes in the train making sure they are appropriately placed. 
-l. Connect the outlet of the 6th tube to a suction pump for aeratloo; cOiltrol the 

speed of aeration to 2-4 bubbles per second. 
6. Immerse the apparatus into a boiling water bath aad ael'llt.e for 10 minutes 

keeping the water bath boiling. 
6. After aeration period is finlabed, r emove and cool the ltlt tabe fa c:vld water. 

Transfer the conteilts to a clean, dry tube, Identical to the standard tubes and clllafe 
up to 6. 6 ml. mark with distilled water. 

7 . Compare the unknown with a known set of standards. Report as mg. alcohol 
per ml. whole blood. 

8. If the alcohol content is 4 mg. /ml. or greater repeat the test using 0. 8 ml. 
blood. Multiply the flna.l result by a factor of 2. 

Standardization: 
Prepare a 1. O% solution of alcohol in water by adding 1. 27 ml. absolute alcohol 

at 15°C. (1. 26 ml. at 20°C.) to 50 ml. distilled water in a 100 ml. volumetric flask. 
Dilute with dlstllled water to the mark. One ml. standard contains 10 mg.· alcohol. 

Prepare eleven tubes labeled 0. 0 to 5. 0 mg. Add to each tbe desired volume of 
1% alcohol solution; e.g., 0.05 ml: to the 0.5 mg. tube- 0.6 ml. to the 6.0 mg. tube. 
To each tube add 6.00 ml. AnsUe's reagent, rinsing the side of tl.e tube duriDg the 
addition. Add distilled water to each tube to bring the total -volume to 6. 6 ml. Beat 
the tubes in a boillDg water bath for 10 minutes, remoYe and CC»l. Draw and seal the 
ends of the test tubes in a flame. These standards BlMMild be stU1e for a period of 
3 to 4 years. 

1f: Is essential for accuracy In this determination that extn- care be taileD to uae 
acrupulously clean glassware. Traces of reducing materials saela aa soap, deterpata, 
protebut, sugars, etc. will interfere In the test by reacUag as alc:Girlol does. Tile Scott
Wllsoa reagent wUl unite with most ketmes 8Dd prewnt thelr laterference ...._ the 
leTel.le very hlch· 

It 1s Important to avoid the use of alcohol, acetaae IUid edler Ia tile aida pnpua
tlola for -.entpuncture In this determlnaUon. 

It Is good practice occasiona~ to nm a blank determtriatfoa • dlatlllecl water to 
ebeek tbe reageats. 
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Other biological fluids may be used instead of blood, such as urt.De. spi:Dal ftuld. 
aad Ussue. For spinal·fluJd analysts see Gettler and Frelretch: l. Blol. Chem. 81, 
198 (1930). For precautlons tn the analysts of tissues see letter ud McLean: Am. 
l. Cltn. Path. 13. 178 (1943) who state that the alcohol level tn the bod,y does DOt 
appreciably change tn the 24-48 hours after death- at least tn temperate .zoues. Actal 
post-mortem putrefactlon ma.y raise the level to as much as 6 mg. per ml. 

lnterpretatlon: 
Normal persons may show a level tn thls test as hJgb as 0. 6 mg. per 1 mi. of 

whole blood. The level of brain alcohol lags somewhat behtnd that of tbe blood. The 
lndhidua.l shows considerable variation tn cltntcal response to a pven lenl of blood 
alcohol as sh0Wt1 by the following table: 

Blood alcohol level of 
persons suspected of lntoxlcatlon 

0.6 
1.0 
1.6 
2.0 
2.5 
3.0 
4.5 

CJ, of lndlnduals shawtDg 
symptoms of tntoxlcaUon 

10% 
10-18% 
22-4'1% 
35-84$ 
80-90% 
95-100% 
100% 

Jtls an established fact that the Intoxicating effect of alcohol like lJl.8DY other c1ruca 
Is proportlonal to the amount present in the Ussues. In this case the Ussue most Im
portant is the brain. As the concentratlon 1n the blood bears a direct relation to tbat In 
the brain, the examination of the blood offers an accurate index of the brain's alcobollc 
content. The highest blood concentration Is usually reached about 1 bour after a gtreD 
dose. Urine excreted from blood of a given concentration has a concentration equal to 
or sllghtly higher than that of the blood. If the concentration of alcohol In blood Is 
1. 00. the.JLurine would be 1. 26, and brain 0. 90. The breath concentration Is also 
proporUonal to that of the blood. 

Jt should be remembered that for Navy purposes, dnmkenness Is deftnecl as ·~ 
Intoxication sufficient to sensibly Impair the rational and full exercise of the meJrtal 
aDd physical faculties." Article 112, Manual for Courts Martial. 

It may be advisable, in critical medico-legal examinations. to run simultaneous 
Bogen's blood alcohol determlnatlons on the patient and on the analyst, so as to elim
inate the posslblllty of contamination. 
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Reference: 

ALCOHOL - METHYL 
Serum 

Osburn, E. E.~ U. 8. Naval Medt~al Bulletin j!. 1170 (1946) 

Principle: 
A protein-free filtrate of blood or other protein-free material is treated with an 

oxidizing agent (at room temperature to differentiate from other substances such as 
eteyl alcohol). to convert methyl alcohol to formaldei\Yde. Chromotropic acid (1, 8 
dtbydroxynaphthalene - 3, 6 dtsulfonlc acld) reacts with formaldehyde in the presence 
of sulfuric acld and beat to give a purple color. 

If chromotropic acld is not avallable a Leach test may be performed uslng milk -
see below. This is a somewhat less sensitive test. 

Reagents: 
1. 20% (w/v) TrichloroaceUc acid. Dissolve 20 g. C c1

3
• OOOH up to 100 ml. 

total volume. Mix well. Store in refrigerator. 
2. Acid potassium permanganate. To 3 g. KMnO , add 25 ml. phosphoric acid 

(H3Po 4 - 85% anal. reag.), dilute up to 100 ml. shaka unUl the potassium perman 
ganate is dissolved. 

3. Sodium bisttlfite (NaBSO ) solid, powdered anal. reagent. 
4. Chromotropic acid (1, s3- dlhydroxynaphthalene- 3, 6 dlsulfonlc acid) solid, 

powdered. Eastman Kodak f P230 lai\Cllum salt). 

Procedure: 
1. Using a serological pipet, place 2 ml. of oxalated blood tn ·a 25 x 200 mm. test 

tube. 
2. Add slowly .vith shald.ng 2 ml. of 20 per cent trichloroacetic acid. Stopper and 

shake well for 1 minute. 
3. Transfer to a centrifuge tube and centrifuge at 2,000 r.p.m. for 5 minutes. 
4. Pipet 1 ml. of the clear supernatant fluid into a test tube·. (U the supernatant 

fluid ls turbid, fllter it through a small retentive fllter paper.) 
5. Add 0. 2 ml. of the potassium permanga.n.ate reagent. Mix and let stand for 1 

minute. 
6. Add about 10 mg. of powdered sodium bisulfite to decolorlze completely the 

solution of perm.anganate. 
7. To the water-clear solution, add a small amount of chromotropic acid powder 

and shake. (Use approximately the amount of chromotropic acid that wlll adhere to the 
end of a safety match.) 

3. Add 1. 5 ml. of concentrated sulfuric acid, allowing the acid to flow down the 
side of the tilted tube to form a separate layer in the bottom of the tube. 

9. Examine the junction of the two layers against a white background. lf methyl 
alcohol is present, a purple ring wlll usually be noted. 

1.0. Cautiously mix the contents of the tube by gently twirling, and allow the tube 
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to stand until the mixture has reached room temperature. Jf m~l alcohol wu 
present In the original fluid, a diffuse violet color will he aoted. 

11. R Is adrisable to perform a posiUve test b.J addlDg a drop of methyl alcoiiDl 
to '2 cc. of normal blood and complete the procedure. Furthermore, a necat~ve CCJD

t.rol of the unknown should be run by omitting the chromotroplc acid In step T aad 
continuing the procedure. Suspected beverages may be tested for metb,yl alcohol b,r 
the same procedure as was used for blood or ~ fluids. 

12. In order to be sure that pre-formed formaldehyde (or a precursor such u 
methenamine. a drug which liberates formaldehyde) Is not present, a test should 
also be run omitting the oxidation (Steps 5 and 6). 

13. If chromotroplc acid is not avail.able , the Leach test may be nm as folJowa: 
To 10 ml. of milk (fresh, skim, or reconstituted). add 1 mi. of tbe ft1trate 

obtained in Step 6 above . Add 10 mi. of concentrated (3'1~ HCl c:outamtng 0.02ft 
Fec13• Heat to boiling. A violet color Indicates the preseDce of formaldeb,yde. The 
posltlve and negative controls Indicated In Steps 11 and 12 should also be run with 
this test. 

Calculation: 
This Is a qualltaUve test. A rough seml-quantltatJon ~ be made b.J addtng ftl'

lous known amounts of methyl alcohol to blood and compariDg the 11Dbown 'With these. 

Interpretation: 
The actual level of metJwl alcohol has Uttle relaticmshlp to cUaleal toxicity. 

Methyl alcohol Is metabolized In tbe ~ to formic acid (H • COOIQ wblch Ja the 
actual toxic agent. One of the very serious effects of formic acid toxicity 1s Us 
effect on the optic nerve resulting In bllDdaess which 1s more or less eompJete and 
may be pennaaent. 
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AMINO-ACIDS 
In Plasma and Urine 

References: 
Shroeder, W.A., Kay. L.M., andMUls. R.D.: Anal. Chem.!!, 160 (1968). 
Albanese. A.A •• and Irby. V.: J. Lab. Clln. Med. 30, '118 (1945). 
Albanese , A.A •• and Irby. V.: J. Bioi. Chem. 153. 583 (1944). 
Fister. H.J., Manual of Standard17.ed Procedures, Standard SclenUfle Supply 

Co. (1950). 

Principle: 
Amino-aetds 1n neutral solution react with alkaline copper phosphate to form soluble 

cupric salts usually of the form A2Cu. After the excess copper phosphate ls removed 
the soluble copper in the flltrate is determined by lodlmetrlc titration. ~nia «19es 
not contribute to the copper value nor does creatine, creatlnlne. uric acid or urea. 
However. dlpeptides, tripeptide& and in general the "end-group" amfllo aelds with a 
free carboxyl adjacent to a peptide-linked nitrogen or with a free am.tno group adja
cent to a peptide-linked carboxyl group. It has been shoWn to include urine citrate also. 

Apparatus: 
Micro-burets 

10 ml. (or less) for urine 
4 ml. (or less) for plasma 

Reagents: 
1. Cupric chloride - 28 g. of reagent grade cuc12 · 2H

2
o per llter of water 

solution. 
2. Sodium phosphate- 68.5 g. of reagent grade Na3P0

4
• 12 ~0 per Uter 

of water solution. 
3. Sodium tetra-borate buffer- pH 9.1 to 9.·2. 40.3 g. of reagent grade anhy

drous Na2B o., (or '16.4 Na
2

B4o
7

· 10H20) are dissolved In 411ters of water and filtered. 
4 . Was~ed copper phOsphate- To 40 mi. of sodium phosphate soluti~ is added 

20 ml. of cupr~c chloride solution with swirllng. The suspension is now centrifuged 
for 5 minutes. The precipitated copper phosphate ls washed twice by resuspension ln 
60 ml. of sodium tetra-borate solution followed by recentrifuglng. The Washed pre
cipitate is suspended in 100 ml. sodium tetraborate solution and 6 g. of reagent grade 
sodium chloride (NaCl) is dissolved In the suspension. The suspension is stable Jn 
glass-~oppered flasks up to 4 to 10 days. 

5. Thymolphthalein indicator- 0. 25 g . of thymolphthaleln Indicator ls dissolved 
ln '15 ml. absolute methyl alcohol (or 50 ml. 95% ethyl alcohol) and diluted to 100 ml. 
with water. 

6. Sodiuin thiosulfate 0.1~- Dissolve 25 g. Na2s2o 3-su2o In 200 ml. distilled, 
boiled, and cooled water. Add and dissolve 11. 4 g. bOrax Na2B 

4
o.,·lOH20 (or 6.0 g. 

anhydrous Na2B 4o7
) and 16 ml. iso-amyl-alcohol (the latter reQUires considerable 

water to dissolve). Dilute to one Uter and mix well. 
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1. Potassium Iodate standard - Dissolve 0 .356'1 g. dry KIO Up to 1 Uter with water. 
Use to &tanda.rdtze the 0. 0 lN and 0. 00 lN sodium thiosulfate asofuttona (usm, 10. 00 mt. 
and 1.00 ml. · ref!Pcctlvely). 

·e~ Starch ILdlcator -Dissolve lg. Lintner soluble lndtea~r starch In 100 Jill. of 
saturated NaCl by heaUr.g on the steam bath, cool overnight, and decant the supernatant 
aoluUon. 

9. Potar-stum iodide - Prepare just !>-fore use. 10 1. ualYtfcat leapnt KI dla-
aolved up to 10 ml. with water. 

10. Glacial acetic acid- analyttcal reagent. 
11. NaOH, 11!. 40 g. diluted up to one Uter wlth water. 
12. Trichloroacetic acid 10'1, w/v 

Procedure: 

Urine 
--p;eservatlon - 24-hour speetmena are coilected ln brown bottles eontalnJ.Dar 

GO ml. HCI (dilute 15 IXll. anal. reag. cone. liCl up to 100 ml. with water) and 1 tnt. of 
10$ alcoholJc thymol eolutlon. The total volume Is tnade up to 2, 000 ml. and J:bbed weU 
before removal of samples. Amino aolds in urine are stable up to one week at room 
temperature. 

Method -To 16 ml. of urine sample in a 60 ml. volumetric flask are added -4 
drops of thymolphthalein Indicator and 11:1 NaOH to a faint green or blue to lor. Thea 
30 ml. of copper phosphate suspension are added from a graduated cyllnder and t&e 
Yolumo Is brought to the mark with distilled water. Mix thoroughly by repeated, com
plete inversion and allow to stand for five minutes. Filter through No. 6 Wbatm.an 
(similar) paper filters Into 125 ml. Erlenmeyer ·naskS. 

The copper content of 10.00 ml. allquots of the filtrate is determlned as followl! 
Eaeh allqttot Is acidified by o. 6 ml. glaclal acetic acid. To this acldUied solution ta 
added 1 ml. KI solution. The aolutlons are then titrated with standardized 0. 01Ji 
sodium thiosulfate from a 10 ml. micro-burette. Six drops of starch indicator are 
added when the solution is a very Uglit yellow a.n.d the mixture. is titrated to a col,rlesa 
end-point. 

Calculation: 
Since two moles. of amlnD nlb:ogen combine with one copper atoni, each mi. of 

0. 01N th1ottu1fate is equlwlent to 0. 28 mg. amino nitrogen. Assuming exactly 0. OlJ!. 
thiosulfate was used to titrate 10. 00 ml. of filtrate then -

ml. thiosulfate x 0· 28 .. mg. amino N/ml. of sample 
3 

Example: A 24-hour collection of urine was brought to a total volume of 2000 ml. . 
and treated as above. Two 10.00.ml. allquota were titrated and a standilrdlzaUon wu 
carrted out and the followiD.I{ data collected. 
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9. 79 ml. of approximately 0. 011i sodium thiosulfate was required to titrate 
10.00 ml. of 0. 01 N standard potassium iodate. 

N of thiosulfate = 10 · 00 x 0.01 = 0.01021 H 
9.79 

f • 1. 021 

Two 10 • 00 ml. filtrate aUquots (each representing 3. 00 ml. of original sample) 
required 2. 10 and 2. 12 ml. for titration: 

amino N/ml. original sample = 2. 11 x 1. 021 x 0. 28 
3 

= o. 2015 

amino N/24 hours : 0. 2015 X 2000 : 403.0 mg. 

Plasma or Serum 
Method - In a 16 ml. centrifuge tube place 3. 00 ml. 10% trichloroacetic acid. 

Add dropwise with mixing 1. 00 ml. of plasma or serum. Mix thoroughly and allow to 
stand for 10 minutes , then centrifuge for 5 minutes. The supernatant solutions are 
decanted through Whatman #5 filter paper into test tubes and 2. 00 mi. allquots removed 
to graduated (at 10 ml.) 16 ml. conical centrifuge tubes. 

To each tube is added in succession one drop of thymolphthalein indicator, NaOH, 
1 N, to the appearance of a blue color, 5 ml. of cupric phosphate suspension and dis
tUled water to the 10 ml. graduation. 

After being mixed by vigorous shaking, the reaction mixtures are allowed to 
stand for 5 minutes and are then 'centrifuged for 5 minutes. 5. 00 ml. allquots of the 
supernatant are pipetted into 125 ml. Erlenmeyer flasks. They are acidified with 0. ·5 ml. 
glacial acetic acid. Then 1. 0 ml. of KI solutiou and 3 drops of starch indicator solution 
are added and the sample titrated with standardized 0. 001 N sodium thiosulfate. from a 
very fine tipped 5 ml. microburette to the disappearance of the blue color. 

Calculations: 
Each ml. ·of 0.001 N thiosulfate is equivalent to 0.028 mg. amino N. Therefore 

since the final sample represet1ts 0. 25 ml. serum: 
mg. ~mino N per 100 ml. serum= ml. thiosulfate ·X factor x 0.028 x 100 

0.26 
Example: In the standardization of the 0. 001 N sodium thiosulfate 9. 42 ml. were 

required to titrate 1.00 ml. of o.oi·N.KI03 . (The factor therefore wae 10 fo 9.42 = 1.062.) 

5 ml. of final filtrate obtained as directed above required 0. 65 ml. of this sodium 
thiosulfate for titration, therefore: mg% amino N ::: 0. 66 x 1. 062 x 0. 028 x 100 = 7. 74 

0.25 
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Standardization 
0. 01 Nand 0. 001 N Na2s2o3 . are pr.epared from 0.1 N (see stock reagents) b.r 

dilution with distilled water using volumetric pipets and flasks. 

0.01 N Na2s2o3 
To 10 ml. of o. 01 N KI03 , add about 4 ml. of water, O. 6 ml. glaelal aceUc aeld, 

1 ml. Klsolutlon, and titrate with 0. 01 N Na2s2o
3 

to a very faint yellow. Adclslx dropa 
of starch indicator and continue the titration to a complete disappearance of the blue 
color. Calculate a factor. Seep. 30. 

0.001 N Na2s2o3 
To 1. 00 ml. of 0 . 01 N KI03 add about 4 ml. of water , o. 6 ml. glaclal aeeUc ·add, 

1 ml. KI solution, and 3 drops of starch Indicator. Titrate with 0. 001_!! x-as1o3 to 
the complete disappearance of the blue color. Calculate a factor. Seep. 30. 

Notes: 
The analysis on serum or plasma must be carried out promptly. Hemolysis re

sults In markedly elevated values. Fresh urine specimens must be used or they JIUl7 
be preserved as outlined above. 

Interpretation : 
Urine amino nitrogen values by this ~ethod range from 200 to '700 mg. perM 

hour period which is 3-4 per cent of the total nitrogen content of the urine • 
. Increases in urine amino acids are seen In (1) acute severe hepatic Injury; (~st

tlnurla (a congenital renal tubular defect Involving lysine and arglnlne); (3) FaneODl 
syndrome In which renal glycosuria and rt!Dal amino addu.ria are both present; (") wu
son 's disease which is hepatolentlcular degeneration associated with a defect lD. copper 
metabolism. 

It is Important to determine the amino N of urine In terms of per cent of total 
nitrogen. Normally between 3-4 per cent by this method - it ~ rise tO 16 per cent 
in a Fanconi syndrome. 

Plasma levels are a little lower than serum levels, apparently because of reaetlYe 
peptldes released from fibrinogen during coagulation, and range between 4-8 mg. 1. 

In severe liver damage, values as high as 200 mg.% have been reported. A de
crease is seen after the injection of insulin. 

For specl!lc identification of amino acids, paper chromatography Is used. See 
Dent, C. E. and Shilling, J~ A.: Biochemistry Journal, 44, 318 (1948). 
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AMYLASE 

Serum, Plasma, Etc. 

References: 

(1) Somogyi, M.: The Estimation of Diastase. J. Bioi. Chem., 125, 399 (1938), 

(2) Somogyi, M.: A New Sugar Reagent. J. Bioi. Chem., 160, 66 (1945). 

(3) Nelson, N.: J. Biol. Chem., 153, 375 (1944). 

(4) Smith, B. W. and Roe, J. H.: J. Biol. Chem., ...!!!• 53 (1949). 

(5) Peralta, 0. and Reinhold, J. G.: Clinical Chem. !• 157 (1955). 

Principle: 

The amylase is allowed to act on the substrate (cornstarch) for a period of time 
after which the reaction is stopped. The extent of hydrolysis is then measured by 
determining the increase in reducing substances (sugars). The reducing substances 
may be determined by titrimetric (Ref. 1) methods or colorimetric procedures 
(Ref. 2 and 3). Alternatively, the decrease in substrate (starch) concentration may 
be measured by the decrease in iodine-starch complex color (Ref. 4) or 1n turbidity 
of the starch solution (Ref. 5). Only the colorimetric method will be described here. 

The maltose (reducing sugar), liberated by the action of amylase on the starch 
substrate, is measured by the blood glucose method (p. 181). Because maltose 18 less 
active as a reducing agent, the period of heating with the alkaline copper reagent is 
increased to twenty minutes instead of ten. Because of the presence of glucose and 
other reducing substances in the serum-starch mixture before incubation, a zero
time blank is necessary. After reduction, color development, measurement and 
calculations a~ carried out as for glucose in blood (p. 181). 

Apparatus: 

Colorimeter or photometer (500-550 mp). Folin-Wu (or similar) sugar tubes 
25 ml. 

Reagents: 

1. Starch paste. Grind thoroughly in a mortar 3 grams of washed starch with 
10 ml. of water and pour into 180 ml. of boiling water. Rinse the mortar with 10 ml. 
more of water. Boil one minute with agitation. Then cover the mouth of the flask 
with a beaker and set in a boiling water bath for 15 to 30 minutes. Thea cool. Store 
under refrigeration. 
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J, Acid N:tCl. 10 grams NaClie added to 3 ml. 0.1!! HOI, dleeolved 1a 
600 ml. water and diluted to one llter. 

s. Protein precipitants 

b. 6% sodium tungstate 

4. Alkaline copper reagent 

See under blood glucose (p. 181). 

6. Arseno-molybdate (Nelson color reagent) 

See under·blood glucose (p. 181). 

Procedure: 

1. For zero-time control 

a. To a 16 x 120 mm. pyrex test tube add exactly 6.0 ml. stan:h pute, 
2• 0 ml. acld NaCl and 1. 0 ml. 6% copper sulfate. 

b. Add 1. 00 ml. serum and mix. 

c. Add 1.0 ml. 6% sodium tungstate aolutlon, mix well, centrifuge and/or 
fllter through a quantitative fUter paper. 

2. For enzyme activity test 

a. To a 16 x 120 mm. pyrex test tube add exactly 6.0 ml. starch paste, 
2.0 ml. acld-NaCl and warm to 40°C., then add 1. 00 m.l. serum, mlx. 

b. Incubate exactly 30 minutes at 40°C. 

c. Immediately add 1.0 ml. 5% CuS04 and 1.0 m.l. 6% sodium tungstate, 
mlxiilg after each addition. Continue as for control tube 1n prepariDg 
a filtrate. 
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Colorimetric Procedures: 

IIitroduce Into: 

1. Sugar tube C - 1. 0 ml. control filtrate 

2. Sugar tube E - 1. 0 ml. enzyme filtrate 

3. Sugar tube B - 1. 0 ml. distilled water (reagent blank) 

4. Sugar tube!_- 1. 0 ml. 20 mg.% glucose standard (nomtnal 200 mg. I atanc:lard) 

To each of the four tubes add 1. 0 ml. alkallne copper reagent and mix well. 
Heat Jn a boiling water bath 20 minutes. Remove and cool Jn water bath. Add 1. 0 ml. 
color reagent, mix well until all cuprous oxide Is dissolved. Dilute to 26 ml. mark. 
Mlx well by inversion. Compare photometrically (516 mu) as Jn the blood glucose 
method (p. 182) setting the reagent blank (B) at 100% T (D • 0). 

Calculation: 

Amylase activity is expressed as mg. glucose equivalents liberated 1D 1/2 hour 
per 100 ml. serum. Since the control tube also shows some reduction: 

E - C = amyl.ase activity expressed as glucose equivalents (Somogyi llllita) 

The term glucose equivalents Is used to- denote the fact that whereas maltoae 
is the actual product of amylolytlc· activity, glucose is the standard against which 
It Is determined. , 

Example: Tube C - gave a reading of 63. O% transmittance 
Tube E- gave a reading of 31.4% transmittance 
Tube B - was set at 100% transmittance 
TubeS -gave a reading of 26. O% transmittance 

corresponding to the following optical densities 

c- 0.201 
E- 0.603 
B- 0.000 
s-o. 602 

Using the usual photometric formula 

100 
Cu = (Du/Ds) C8 x 

0
•
1 

vee Glucose-blood (p. 182). 



!!!!!!!.: 

Cc = 6&.6 

CE : 161 

Then E - C = 100 mg. I = 100 Somogyl111llt. 

On fluids wlth high activity. It Ia more accurate to JD8,b a dllatlaa with 
o. 85$ NaCl before Incubation rather t1uua after. 

Interpretation: 

Normal range- 40-120 Somogy1111llta Ia the uua1 ruge a1tboaP ~ 
some normals range up to 200 UDJts. 

Significance -

/ 

ElevatiODB - are seen In acute pancreatic dliMUe - leu marbd 
elevations are seen 1D chronic d.laeue of pancreas. 

Decreases- are seen In liver cllaeaee. 

Acute pancreatitis - eleYatlona mq exceed 1000 UD1ta and DUll' fall npl~ 
to normal values 1D 3-4 days. 

Chronic pancreatttla -Increases over baae llDe values of 100-200 Ulllta. 

Other abdommal diseases auc:h as: 

(~) IntestlDal obstruction 
(2) Acute perltonttla 
(3) Perforated peptic ulcer 

Jn these, smaller Increases not more than &00 111llta are aeeB cleYeloplDc 
6-10 days after the onset of the B)"JD.Ptoms and appear to be due to lllc:reuedpreaaure 
on the pancreatlc: duct. 

Jnc:reases are also seen 1D mumps and obatruc:Uve dlaeue of the eaUvar.r 
glands. 
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Reference: 

AMYLASE 
Serum 

Go mort, G .,Am. J. Clln. Path. 2'1, '114 (1957) 
Huggins, C., and Russell, P.S., Ann. Surg., m. 668 (1948) 
Smith, B. W., and Roe, J. H., J. Biol. Chem., 22'1 , 36'1 (196'1) 

Principle: . 
A starch substrate ts acted on by the amylase In serum.. The decrease In the blue 

starch- lodlne color ts measured photometrically. 

Reagents: 
1 . Starch substrate. Dissolve 8 g. of Lintner's soluble starch (Mere" and 1 g. 

benzoic acid 1n 800 ml. of bolllng distilled water. Cool. Dilute up to 1000 ml· with 
dlstUled water. Mix well. This solution may be kept at room temperature and should 
be stable at least six months. 

2 . 5% sulfuric acid. Dilute about 2'1 ml. of concentrated sulfuric acid up to Qlle 

Uter with distilled water. Cool. 
3. Iodine solution. Dissolve 1 g. of 'z and 2 g. of KI In 60 ml. of d.latllled water. 

Dilute up to 300 ml. with distilled water. 
4. Phosphate buffer 0 . 1 M pH 'l. 4 

NaH2Po4 ·H 0 2.30 g.) Dissolve, dilute to one liter and mix. 
Na2HP04 ~d. 11.83 g.) Check pH with glass electrode and standard buffer. 

Procedure: 
Into 3 large tubes calibrated at 60 ml., (T-test; C-cODtrol;aad B-blank) place 

solutions and proceed as Indicated. 

Solutions 

Stare b substrate 
Buffer 
Senun 

Sulfuric acid 6% 
Iodine solutiOn 

Tubes B - Q 

0.6 
0.6 

T 

0 .• 
0.& 
0.1 

Mix and Incubate at 3TOC. far 
30 minutes. 

2 
1 

2 
1 

Mix well, dilute to 60 ml. 
with distilled water. 

2 
1 

Compare photometrically at 640 mu using the blank to set at 100% T. 

101 



Standardization: 
1. Prepare a dilution of the starch substrate by diluting 10 ml. to 100 ml. wlth 

distilled water. 
l. Into 50 ml. volumetric flasks pipet diluted starch as follows: 

Flask f ml. diluted starch «J, of control mg. starch 

1 0.0 0 0 
2 0.5 10 0.4 
~ 1.0 20 0.8 
4 2.0 40 1.8 
5 3.0 60 2.4 
6 4.0 80 3.2 
7 5.0 100 4.0 

3. Add 2 ml. of sulfuric acid 5% and 1 ml. 'of iodine solution. Mix. Dtlute to 
the mark and mix well. 

4. Compare photometrically at 640 mu using the blank to set at 100'£ T ~ 
5. Plot the O.D. vs. mg. starch· and determine the optical density dueto 1 mg. 

of starch. 

Calculations: 

~: 

0 control - Dtest 
0 1 mg. 

x 100 = amylase units. 

If the starch Is completely decolorlzed or If a value ot more than 400 units Ia 
found, the test should be repeated with a dilution of serum. Although the control oontatu.s 
4 mg of starch, this amount may be tripled and subsequenUy diluted t.o the factor. 
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Reference: 

ASCORBIC ACID 
Blood, Urine and Tissue 

(1) Roe, J. H. and Kuether, C. A. , J. Blol. Chem. , 14T, 399 (1943) 

(2) Shaffert. R.R., and Kingsley, G.R., J. Bioi. Chem., 212, 69 (1966) 

Principle: 

Ascorbic acid 1n blood or urine mtrate is oxidized by means of acUvated charcoal 
(Norlt) to deeydroascorbic add (reversible oxl.dlzed ascorbic acid) which is then re
acted with 2, 4-dinltropheuyll\Ydrazlne to form a h3drazone. (Thlourea is added to pre
vent interference by oxidizing substances such as Fe+H or ~02 which produce a color 
with 2, 4-dlnitrophell3lb,ydrazlne.) The h3drazone derivative is now treated with strong 
sulfuric acid to produce a reddish color which is measured photometrically at a wave
length of 540 m.1lllmicrons. 

This procedure measures total ascorbic acid (reduced ascorbic acid plus dehydro
ascorbic acid) which may be partitioned by rumrlng two parallel determtn=\tlons and 
omitting the activated charcoal treatment In one of them. 0nJ.y debydroaseorbic acid Is 
measured when this step is omitted. 

Reagents: 

Stock ascorbic add standard - Accurately weigh exac:tly 100 mg. of L-ascorbic 
.acid and place In a 100 ml. volumetric flask. Dllute to volume with oft per cent tri
chloroacetic acid solution. 

Worldng ascorbic- acid standard - Dllute 2 ml. of stock standard to 100 ml. with 
oft per cent trichloroacetic acid. 1 ml. = 20 micrograms of L-ascorbic acid. 

TrichloroaceUc acid- oft per cent solution and 6 per cent solution. (W/V). 

2, 4-Dinltrophenylb.ydrazlne - 2 g. of 2, .ft-dlDitrophellylb,ydrazine (Eastman) are 
dissolved In 100 ml. of 9 :MSUlfurlc acid. Let staud overnight and filter through.Wbat
man No. 42 filter paper. 

9 N sulfuric acid - Prepare by adding one part of coBCentrated ~" to 3 parts 
of water (V /V). 

85 per cent sulfuric acid - To 100 ml. of water add 900 ml. of cODcentrated sul
furic acid. 

'rhlourea - Dissolve 10 g. of thiourea (EastmaD) ln 66 ml. of 95$ etJwl alcohol and 
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dilute to 100 ml. with distUled water. This reagent should keep 2 months. 

Norit (activated charcoal) - Use U.s. P. grade. If the blanks read too high, add 
1 liter of 10 per cent hydrochloric acid (1 part concentrated HCl to 9 parts wate1·j to 
200 g. of Norlt in a large flask, bring to a boil, and filter with suction. Stir the cake 
with 1 liter of water and again·filter. Dry the cake in an oven overnight at 100-12ooc. 
Repeat if necessary. 

Oxalic ac ld - 0. 6 per cent (W /V) solution. 

Procedure: 

Standardization: Shake vigorously 25 ml. of working standard L-ascorbic acid 
with 1/2 teaspoon (0. 7 g.) of Norit for 1 minute. Fllter through Wbatman No. 42 
filterpaper. AddO.O, 0.25, 0.60, 1.0, 1.6, 2.0, 2.6, and3.0 ml. offlltrateto 
photometric cuvets and dilute each to 4 mi. with 4 per cent trichloroacetic acid which 
bas also been shaken with Norit and filtered. Add 1 drop of thiourea solution and 1 m.l. 
of 2, 4-dlnltrophenylhydrazlne solution. CoDilnue as under Development of Color, 
Step 2. 

Preparation of Filtrate: 

Whole blood and serum: 

(1) To 16 mi. of 6 per cent trichloracetic acid 1n a 60 mi. Erlenmeyer flask, 
add dropwlse 6.00 ml. of sample m1xlDg continuously. 

(2) Let stand for 5 minutes and centrifuge for 10 minutes at 2500 rpm. 

(3) Pour off the supernatant into a clean, dry test tube, add 1/2 teaspoon of 
Norlt, and shake. vigorously for 1 minute. Fllter through Wbatman No. 42 
filter paper. 

Urine: 

{1) Add 1 mi. of urine to 19 ml. of 4 per cent trichloroacetic acid. Add '1/2 
teaspoon of Norlt and shake vigorously for 1 minute. 

(2) Filter through Whatman No. 42 filter paper. 

Development of Color: 

1. To 4 ml. of filtrate in a photometric cuvet, add 1 drop of thiourea solutloa. and 
1 ml. of 2, 4-din!trophenylhydrazlne solution. 

2. Place the tube in a boiling water bath exactly l; mlllutes for blood or serum and 
10 minutes for urine and s~andards. At the end of this tlme place the tube b crushed 
lee for 5 minutes. 10-i 



3. Add slowly (drop by drop) 6 ml. of 85 per cent sulCuric acid, and mix by twirl
ing. Let stand for 10 minutes at room temperature. Read in the photometer (640 mu) 
agalnst its own blank, prepared in exactly the same manner, except for tbe omlssion of 
the 2, 4-dlnitrophenylhydrazine until after the additlon of the 86 per cent sulfuric acid. 

Calculation 

Blood or serum: 

(Du/D
8

) x C
8 

x (100/1) = ascorbic acid in mg./100 ml. 

Using the 1.5 ml. standard (contaJning 30 ug. ascorbic acid): 

(Du/D s> x 0. 03 x 100 = mg.% ascorbic acid. 

Urine: (Using the 1.5 ml. standard) 

(Du/D
8

) x 0. 03 x (1000/0. 2) • mg. ascorbic acid per Uter of urine. 

Example: A sample of whole blood treated as Indicated and read agaJnst Its own. 
blank showed a transmittance of 72 per cent. The 1.6 ml. standard (0.03 mg.) read 
against its own blank, gave a transmittance of 32 per cent. 

Unlmown 
Standard 

T (%) O.D. 
72 .143 
32 .495 

(0. 143/0. 495) x 0. 03 x 100 = 0. 87 mg. ascorbic acid per 100 ml. 
whole blood. 

Reductones (degradation products of sugars) and diketogulonlc acid (a product of 
intra-molecular rearrangement of dehydroascorbic acid) as well as certain other al
dehydes and ketones, also. give hydrazones with 2,4-dlnltrophenyli\Ydrazlne. The inter
ference is slight for all these except for df.keto-gulonic acid because in the strong acid 
these products absorb only very slightly at the chosen wavelength (540 m111lmlcrons). 
Diketo-gulonic acid wlll be read as if lt were del\fdroascorbic acid. Its level in normal 
blood and urine samples is close to zero. In tissues it may be a sJgnificant'fraction of 
the total ascorbic acid content. For a complete fractionation of these comp:>unds see 
Roe, J.H., et al., J. Bioi. Chem., 174, 201 (1948). 

Interpretation 

The normal range for whole blood total ascorbic acid is 1. 2 to 2. 3 mg. per 100 ml. 
In serum the normal range is 0. 5 to 1. 4 mg. per 100 ml. Reduced ascorbic acid present 
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originally (omlttlng Ute Norlt treatment) is somewhat lower. 

In acute or recent ascorbic acid deprivation (2-3 weeks) Um plaSirla or senun 
level may be close to zero but the whole blood levels will still be in the normal range. 
The white blood cells are the last to lose their ascorbic acld in deprivation studies. 

ASCORBIC ACII) SATURATION TEST 

Principle: 

It is assumed that Ute tissues of a person with a previous blstory of lnsufficlent 
ascorbic acid intake will take up quite large amounts when a test dose Is given ao that 
relatively llttle will be excreted in the. urine. 

Various dosages, both oral and intravenous have been used, and w.rlous periods 
of urine collection have been chosen. It is recommended that the test be run Jn parallel 
with a person known to have a history of satisfactory ascorbic acid intake. 

Procedure: 

10 A.M. Give orally 10 mg. ascorbic acid per kllogram body weight. 

2 P.M. Empty the bladder completely and discard the urine~ 

4 P.M. Empty the bladder completely and determine the total ascorbic acid 
excreted in the two-hour period. 

Jnterpreta.tlon: 

R~peat the test dally untli normal results are obtained. OrdJDary 
meals may be consumed. 

In normal persons an excretion of about 50 mg. (during the two-hour ~ w1ll 
be obtained on the first or second day. When a vitamin C deficiency is present, a 
longer time, six to ten days, or up to several weeks may be required. 

The test has the obvious advantage of serving both as therapy and as a teat. Pro
gress .In therapy is .indicated by the increased amount of ascorbic excreted as time 
goes on. 
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References: 

lliLIHUlllN 
In St~rwn 

1. Malloy, n. T. I and Evelyn, K.A. I J. Biol. Ch~m. 119, 481-90 (1937). 
2. Ducc i, H. , and Watson, C. J. , J . Lab. Clin. Med. 30, 293 (1945). 
3. Zieve. Hill, Hansom, Falcone, and Wataon, J. Lab. ClJn. Med. 38, «6 (1861). 
4. Altman, V., Nelson, M., and Pernova, D., Am. J. Clin. Path. ~ 956 (1956). 

Principle: 
Bilirubin, like aromatic amines, combines with dlazonlum salts to form azo c:\Yes. 

In this case, sulfanilic acid is diazotized with nitrous acid (HCl 1- NaNOJ and Js thea 
coupled to bilirubin. The distinction between direct one-minute (1 'B) and total (TB) 
blllrubin depends upon the fact that addition of alcohol allows all the bilirubin to react 
with the diazo reagent and is used to make the reaction quantitative for tOtal blllrubln 
content of the serum. Apparently there are. two types of bllirubln: direct-reacting. 
polar, water soluble; and indirect-reacting, non-polar, alcohol soluble. 

Recently, Schmid has shown that the polar, water soluble, dJrect-reacUng bill
rubin is bilirubin glucuronate which is formed by a conjugation process ln the liver 
from ·free bilirubin which is the non-polar indirect-reacting type of bllirubln. 

Reagents: 
1. Methyl alcohol-absolute (or redisttlled). 
2. Sulfanilic acid solution. Dissolve 1 g. of sulfanilic acid in 11Jter of dilute HCl 

(15 ml. concentrated HCl diluted to 1liter). 
3 . Sodium nitrite solution: Dissolve 0. 5 g. NaN02 (ACS) in a little water, dllute 

to 100 ml. Prepare on day of use (or prepare from stock refrigerated 50% on day of 
use). 

4. Diazo reagent. Add 0. 3 ml. of the nitrite solution to ·10 ml. of the sulfanilic 
acid solution. Mix. Prepare mixture within 5 minutes of Ume of use. 

5. Dilute HCl for blanks. Dilute 15 ml. of concentrated HCl to 1liter with water. 
6. Bilirubin st~ck standard. Transfer exactly 20 mgm. of pure bilJrubin to a 100 

ml. glass stoppered volumetric flask. Dissolve. Bring to mark with chloroform ud 
mix. This solution is stable in the dark and cold, with well fitting stopper. 

7. Bilirubin working standard. Dilute 10 ml. of the above standard to 100 ml. with 
ethyf alcohol 95%. This results in a concentration of 2 mg. /100 ml. 

Procedure: 
Collection of specimen: 
1. Post-absorptive to avoid lipemia. 
2. Plain tube (serum). 
3. Run test within 2 hours after clotting. After long standing only the indirect re

action occlirs. 
4. Use filter or wavelength indicated in callbratlon chart (530-560). 
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An."llvsls of Serum: (Note the necessity for step timing for dlrect blUrublnl) 
1. Pipette ex.'l.ctly 2. 0 ml. of serum Into a clean dry test tube, add exa.ctly-8.00 

ml. of distilled H2o, stopper and mix thoroughly. 
2. Pipette into each of two test-tube cuvets, a 4: ml. portion ofthls 1:6 dllutlOil of 

the serum. 
3. Add to one tube 1 ml. of diazo blank soluUo.n, and to the other 1 ml. of tbe 

freshly prep:tred diazo reagent, mixing well. 
4. After exactly one minute set the blank at 100.0 and read the unknown. 
5. Add 5 . 0 ml. of methyl alcohol ab~olute. Mix well, allow to stand 30 mmutes 

for full color to develop. Read again as in step 4. 

Calibration curve: 
Prepare a calibration curve using 0.0, 1.0, 1.6, 2.0, 2.5, 3.0, 3.5, 4:.0, 4:.6, 

and 5. 0 ml. of dilute working standard and ethyl alcohol to make 9.0 ml. Add 1.0 mi. 
diazo reagent, mix well. Bead after 30 minutes. These standards correspond to up to 
10 mg. per 100 ml. for the direct and up to 20 mg. per 100 mi. for the total bUtrubtn. 

Calculation: 
1. Direct (l'Bj bilirubin 

Cu (mg.%) = (Du/D8) x C8 x (100/1) x <Vu /VrJ see page 5'1 

If (C8 /DJ x 100 : K and since V0 : 5 ml. and V8 : 10 mi. 

C
0 

: Du x (K/2) 

2. Total (TB) bilirubin (V0 = 10 and V 8 = 10) 

3. Micro-metliod (total bilirubin) seep. 109 

Interpretation: 
Watson places the upper limit of normal 1 'B at 0. 25 mg.$ and the upper Umlt .of 

TB at 1. 50 mg.%. An increase mainly· in the in~ct reacting fraction Indicates bemo• 
lytic jaundice, while an increase in tbe direct reacting indicates .an hepa.Uc or post
hepatic cause of the jaundice .. 

The direct and indirect reactlngbillrubin are not completely separa.ied by this 
procedure. Only about 65% of the direct-reacting bUirubin is measuredat one minute; 
practically all will be measured at 15 minutes. At this time howeVer. some of the 
indirect-reacting bilirubin has started to react. Zleve et al. with Watson, found that 
the 1 'B gave the best clinical differentiation between the obsb·uctlve and the bemo~ 
types of jaundice. 108 



BILmUBJN 
Klcro-lletbocl 

When frequent serum bilirubin determtnatlou are reqalred u Ia neo-..atal jaaadlce 
clue to Rh0 (D) or other lncompatlblHty, It becomes desirable to be able to determine at 
least total blllnblD on amounts of blood obtainable by finger, heel, or ear paacture. 

CollecUon of Specimen: 
Bee preeauUODS as In macro-procedure. llab colleeUon ae oaWned aader lllcro

collectlon (p. '10) &Jbtalnbll 0. 3 to 0. 6 ml. of whole blood. 

ADa\rslB of Senm: 
1. Pipet Into a IUIIIlll test tube (B) exactl.J 0 .. I ml. ciiMIIJed water. Add tow.· 

exact\f O.lml. serum. 
2. ll1x well and remove to aaotber tabe (A) 0.1 ml. of the dilated eenm. 
s. Add to tabe (B) 0.6 ml. diazo blaDk aolattoll ud to tabe (A) o. &-ml. clluo 

reagea. 
<&:Add 1.1 ml. me~l alcohol to tabes (A) ud (B), mb well ud read after 

16 -miNJtes. 

Calc:ulatlon: 

D X I K : .... Cf» total bWrabba. 

Cautka: 
The aee of the ame ftbae for K for both macro- and micro- mocllflcatJou of 

the blllrubln procedllre &811111Dea that the aame alae cant Ia aaed for •'""nlbatlaa, 
and for readfnc tbe aa~aaowu. 
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BOOMIDE 
In Serum, Urine, and Spinal Fluid 

References: 
1. Katzenelbogen, 8. and Czarsld, T •• Proe. Soc. Bxper. Blol. and Mec!. 31, 

136·(1934). -
2. Diethelm, 0., J. Nerv. and Mental Dis. '11, 161 (1930). 
3. For a more specific and accurate procedure see: Blocbem. J. !!_, 688 (1954). 

Principle: 
Bromide reacts with gold chloride to form gold bromide which gives a red color 

suitable for photometry. Chloride decreases the color formatfrDD.. Sodium chloride Ia 
Incorporated into the reagents to correct for the effect of serum aad cerebrospblal 
fluid chloride. 

Apparatus: 
Wavelength 440 mu (not critical) 

Reagents; 
Trichloracetic acid - chloride solution ''TCA-KaCl." 

Place 0. 6 g. reagent grade sodium chloride Into a 100 mi. Tolumetrlc flask, 
dissolve in about 10 ml. distilled water. Add 10 g. crystalllne trlchlOI'OUetlc acid, 
dissolve and dilute to the mark. 

Gold chloride 0.5% 
Dissolve the contents of one ampoule (16 gra.l.ns AuC13 • HCI· IH:aO) fa 111 ml. 

dlstllled water. Stir until dissolved and mter uslllg an ashless filter paper. 

Sodium bromide - Stock standard 
Place 1. 000 g. reagent grade sodium bromide in a 100 ml. wlumetrlc flask. 

Dissolve and dilute to the mark with dlstllled water. ' 

Dilute working standard 
Transfer 3. 00 ml. of stock standard to a 100 m.l. -.olumetrlc flask, clllate to 

the. mark with distilled water and mix. Prepare lm.medlately before use. 

Calibration: 
In a series of six test tubes, place 0.0, 1.0, 2.0, 3.0, 4.0, and 6.0 ml. of the 

dilute standard. Add water k •nake 6. 0 ml. These standards represent concentra
tions of 0, 30, 60, 90, 120, and 150 mg. /100 ml. of sample. Proceed immediately 
to the color development. 

To ·each standard tube add 4.0 m.l. TCA-NaCI solution, and mix. Then add 1.0 mi. 
0 . 5$ gold chloride solution and mix well. 

Within 10 minutes read each solutioo against the blank set at T = 100 or D • 0 at 
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a wavelength of 440 mu. Plot the results which should fall on a straight line. Prepare 
a callbratlol! table. 

Procedure: 
Serum; In a tube which can be centrifuged place 8. 0 ml. TCA-NaCl. Add drop

wise with constant shaking 2.·0 ml. serum. Shake vigorously and allow to stand 30 
minutes. Centrifuge or fUter through a small Whatm.an f3 or 14:4 paper. 

In a cuvet (sample) place 6. 0 ml. clear fUtni.te, 4. 0 ml. dlattllecl water and 
1.0 ml. 0.6% gold chloride. Mix well. 

In another cuvet (bla.Dk) place 4 ml. TCA-NaCl, 6 ml. dlaWlecl water uad add 
1.0 ml. 0.6% gold chloride and mix. 

Within 10 minutes read sample against the blallk set at T • 100 (or D = 0) at a 
waveleugt.h of 440 mu. Obtain the concentratlOil of bromide from the caUbratlOil table. 

~: Proceed as under blood usi.Dg a dilution of well-mbed urine. 

Spinal fluid: Proceed as for serum. 

Interpretation: 
There Is normally only a very small amount of bromide 1n serum ud some of this 

value ls undoubtedly due to non-specific color developed· by serum mtrate. The oormal 
low value Is usually said to be about 2-3 mg. per 100 ml. of serurn. 

Symptoms of bromide Intoxication appear when the serum bromide level reaches 
100 to 200 mg. I although there ls considerable tndlvldual varlablllty. Bromide partlal
l,y replaces chloride tn the tissue electrolyte pattern and therapy C0118lsts lD replace
ment of bromide by chloride. This may require several days to several weeks. 
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BROMSULFALE.IN TOLERANCE AND CLEARANCE TEBT 
(Sulfobromophthaleln) 

References 

1. Rosenthal, s. M., and E. c. White; J. A111. Med. Assoc. _!!, 1113 (1825). 

2. Gaebler, 0. H.: Am. J. Clln. Path. 16, 462 (1946) 

3. Dragstedt, C. A. and M.A. Mills; J. Lab. Clln. Med., 21, 1308 (1838) 

4. Hamllton, R. H.; Fed. Proc. ! • 268 (194'1) 

6. Goodman, R. D! , and Kingsley, George R. ; J. A. M., A. , ill• 483 (1963) 

Principles 

The dye, sulfobromophthalein ()lromsulfaleln) Ia Injected Intravenously. Jt fa rap
idly removed from the plasma by the normal Uver; In Uver disease larger amotmts are 
retained In the circulating plasma after a given Ume Interval. 

The principle of the chemical determination is based on the fact that the dye Ia 
colorless In acid and reddish-violet In alkaline solution. This property is utilized In 
the determJnation by measuring its Ught absorption in an alkalJJle medium. In the 
presence of billrubin, hemolysis or Upemia, the simple method described results In 
errors since tM absorption characteristics of the Interfering substances are also al
tered when the pH is changed. Gaebler .(ref. 2) avoids this difficulty by measuring the 
absorbance at 620 mu and at 565 mu, thus compensating for the non-specific absorb
ance& which are about the same at these two wavelengths. Hamllton (ref. 4) measutea 
the absorbance before and after chemical bleaching of the bromsulfaleln by sodium cJi .. 
thlonite. These last two approaches are important .only when the aforementioned biter• 
ferences are present. Another approach which has been used is to use acetone to ·p~ .. 
clpitate the proteins and at the same time extract the eye. The color is then devei~ 
In the acetone solution. 

Reagents: Sodium hydroxide 0. 1 N 
Bydrochloric acid 0. 11! 

Procedure: 

Collection of specimens: The patient must be fasting (at least 10 hours post-pdll,. 
dial) and non-Icteric, and kept In a supine position In bed for the duration of the teilt•· 
The patient's weight must be known and converted to kilograms (lbs. /2. 206). 
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2. Drnw Into a storlle ayrlnr.e an exact amount or sulfobromophthaleln so that the 
Injected dose wUl bo 6 mg. per kilogram or bod,y weight. Thts volume should be exact 
to the 0.1 ml. 

a. Then Inject the d,ye Into ILD arm velD over a period of 80 aecODda. 

4. Start Umto1 tho teat when hAlf of tho dose hiUI boen pven. 

a. F1ta mtnutea lator. from a vein of the oppoalto arm, withdraw mto another 
1Jrlnp a-10 ml. of blood lor 1erum. Take further aamplea at appr(apriate tlme1, for 
example at 30; •a and at eo mlnutoa. For the determillatlon ol brom1ullalelll c:lear
uee, take •ample• at about a, 10, 1a ud ao mtnutea aad carefull.J note the exact 
Umea. 

Eattmatlon of Bromeullalem 

Add o. a ml. of cltar, unhemo11aed aarum to e. 0 ml. of 0,1 J NaOH lll a photo· 
meter.- Mix well. Read qalllat a blank prepared In the ume war but utq e.o llll, of 
0.1 t! HOI. Set the blank at 1 • 100 (D • 0) utDa a waveleqth oll'flmu. 

Read the retention In per cent from the calibration table wblcb Ia baaed oa the ad
lllllliatratton of 11111. per ldlo1ram of bod,y wespt. (II the doae wu IIDI~ per ldlogram, 
mu1Up1J by 1.1 to obtalll per cent retenttoa.) 

ltandardlzatton 

Blllce the reaultl ol the t.llt are ~xpreeeed 111 tenna of per cent retentloa of the ~e, 
lt 11 obvtoua that we muat detirmJne or aeaume the "volume of dlltrlbutloa" into whtc:h 
tbi cb'e la diluted. 

The calculation 1• c:ommODJ, bued oa the followtq unmptloua 

(1) 101 of the bocV wetght la clreulattDa blood. 
(I) 601 by volume of the blood 11 plasma. 
-(3) Therefore &I of the body wetaht Ia plaama or 10 mi. per Jdlopul of body 

weight la plaema. 

B~e &q. per kilogram of body wetaht Ia lDJ8ctecl thlala a mg. per 60 m.l. plasma 
or 10 mg. per' 100 mi. of plasma. 10 mg. I Ia considered to be the IDltlal conceot.rattoo 
of dye Jn the plasma or 1001 reteot.loo. 

Bromsulfaleln Standard SoluUon 

Pipette carefully and accurately. 0.1 ml. of 61 brom.aulfaleJn solution Into a 600 m.l. 
wlum.etrlc flask and dilute to volume with approxlmate),y o.-1 N NaOH. )llx well by ln
wraton. 
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Caltbratton Standards 

Into a series of photometer cuvets, transfer 0.0, 0.6, 1. 0, 2.0, 3.0, 4.0 aad 1.0 
ml. of bromoulfaleln st:mdard solution. Make each tube up to 6.0 ml. with 0.1 ~ Na.OB. 
Mix well, then add 0. 6 ml. of normal pooled serum, and mix well again. These tubes 
represent 0, 10, 20, 40, 60, 80 and 100% retention of the ~e using the aaaumptlou 
given above. Using the 0. 0 tube as a blank T = 100 (D a 0) record the transmittance of 
each tube and plot the optical density vs. % retentlon and mg.% as illustrated em p. 64a • 
Prepare a callbration graph as outlined onp. 65. 

NOTES 

In this simple analysis the serum must be dear, with no bemoqaia, blllrubJDemta, 
or lipemia. Jf it is wished to avoid the effects of auch Interferences It 18 aecesaar;r to 
procede with one of the modifications referred to above (ref. 2 or 4) or to use the fol
lowing extraction procedure. 

1. Into a 16 ml. centrifuge tube place about 2 mt. acetoae. Add 0.1 ml • . of serum, 
dr~pwise with agitation. Mix well. Heat to bolllDg In a bollJDg water bath. Cool. Cea· 
trifuge. 

2. Decant the supernatant fluid Into a tube graduated iLt 'I ml. Add about 1 ml. of 
acetone to the residue In the centrffuge tube, mix well with a wooden appllcatqr atlck, 
allow to stand 2 minutes and centrifuge. Decmt the aupernataat fiald IDto the 'I ml. 
graduated tube. Repeat once more. 

3. Add dlsUlled water to about 'I ml. Mix well. Then add I ml. ether ud mlx b7 
Inversion. Allow io stand 3-5 minutes to separate the pbues. Remcmt tbe ether 
phase by suction, Repeat once more. 

4. Adjust. the acetone water layer to 10.0 ml. with 0. 1}1 Ha.OB aad mix. Read 
aga.fnst a blank of 3 ml. of acetone plus·3 ml. of water diluted to 10.0 ml. with 
O.l_HNaOH. 

Calculation: 

Multiply the chart reading by 1. &4 (10. 0/8. 6) to obtain% retention or mg. CJ,. 
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Interpretation 

Normal Individuals after tnjectiQn of a 6 mg. per kilogram of bot\}r weight dose 
have a plasma retention of less than 10% at 30 mlnutes,<7% at 45 minutes and usually 
0-1% at 60 minutes. 

If a 2 mg. per kilogram body weight dQse Is nsed as orlglnally proposed by Rosenthal 
and White (ref. ·1) and as readvocated by Lorber and Shay, Gastroenterology 20~ 262 
(1952),to minimize entero-hepatlc recirculation of the dye,the 30 minute retention wtll 
be less than 4%. 

The rate of removal of bromsulfalein by the normal Uver la determined by (1) tbe 
rate of blood flow through the liver, (2) the functional capacity of the polygonal cell8 of 
the llver, and (3) the degree of patency of the bile duct system. In obstructive jaundice, 
retention Is very high, out of proportton to the actual damage to the functional capacity 
of the llver. Zleve et al., J. Lab. Clin. Med. 37, 40 (1951) 1 have devised a correction 
to be applied when the one-minute blllrubln of Watson Is elevated beyond normal Umits. 
When corrected In this way, the test more closely estimates the functional capacity of 
the polygonal cells even in obstruction. The diversion of blood from the usual llver 
channels Into collateral vessels Is an important cause of high retention not only In cir
rhosis but also in viral or chemical hepatitis and also In heart failure. 

It Is doubtful that the bromsulfalein test adds much to the diagnosis or prognosis of 
liver disease in the presence of jaundice. 

Bromsulfaleln Clearance 

In order to express more cleaJ'ly the rate of disappearance of the c:\ye, the concept 
of llver clearance (analogous to renal clearance) has been Introduced and applied to DOt 
on1y this c\Je but to other substanc~s such as gat3.ctose and hippuric acid. This approach 
necessarily applles to substances not normally found In serum, since the onl,y way to 
measure the clearance Is by the rate of decrease 1n serum concentration. Goodman and 
Kingsley (ref . . 6) have used this method quite extensively and the description below la 
based on their work. 

Procedure 

Collection of samples 

1. Injection of dye and the collection of samples ts carried out as Indicated under the 
tolerance test with the injection and collection very carefully timed (mid-point time of In
Jection and collection). The collection of samples should be completed by the end of 20 
minutes. 
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Analysts of samples 

'l'hc samples are analyzed ae outlined under the tolerance teat. ·rhe reaulta may be 
expressed as 1h mg. per 100 ml. or In per cent retention. 

Calculation: (Example) (Values lnpa:r,.ntheeea are obtained by extrapolation) 

Data: Weight of Patient 168. 6 lba. (80 kg.) 
Dose of BSP 400 mg. (80 x 6) 

Time after Conc.BSP .., 
InJection md Retention 

0 (14.4) (144) 

6 8.0 80 

10 4.3 43 

16 2.6 26 

20 1.3 13 

(22.6) 

The followlDg formulae are uaed: 

LocP 

(2.180} 

1.802 

1.832 

1.388 

1.114 

(1.000) 

1. Estimated plasma volume = Dosage BSP/IDJUal concentration (C1) 
2. Fractional clearance (Cl/V) = 2. 3 (log Ct - log Cf) Ume (minutes) 
3. Clearance (Cl) (ml. /mlnute) : (CI/V) x V 
4. Clearance (Cia) (ml./mlnute/kg.) = Cl/kg (~weight) 

In thls calculation the lniUal concentration of the t:\Ye (c1, Is determined by eJilra
pola t I on to zero time and the final concentratlon Cf Is determined by extrapolatloa to 
log R = 1.0. 

Using the data from the above example: (See Fig. 22, p. 116a) 
1. Estimated Plasma Volume • 400 mg. /14.4 mg. If, = 2180 ml. 

(antllog 2.160 = 144. O% retention corresponding to 14.4 mg. If, • cCJDceatraUoa) 
2. Fractional Clearance (Cl/V) = 2. 3 (2.180 - 1. 000)/22. 6 minutes 

= 0.119/mlnute 
3. Clearance (Cl) (mi. /minute) = 0.119 x 2180 = 331 ml. /miDute 
4. Clearance (Cl3 ) (mi. /mln. /kg.) : 331/80 = 4.14 ml. /miD. /Jig. 

The advantages of thls procedure are: 
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1. The accuracy and precision are both Increased by collection and analysts of a 
Jerles (rather than one) of blood specimens and by the method of calculation. 

2. The method gives an esUmate of the plasma volume as well as a numerical 
slDgle value expressing a rate of clearance of the eVe· 

3. The test ls completed 1n 20 minutes. 

4. The c lea ranee results do not depend upon the accuracy fA. measurement of the 
Injected ~e (:'! !though the estimate of plasma volume does). 

lnlerpretatton: 

Clearance 
Normals (28) 
Clrrhosls (lS) 
AlcohoUcs (31) 

Plasma Volume 
Normals 
Cirrhosis 
Alcohollcs 

6. 33 t 0. 'l& ml./mfll. /kg. 
2.06 ~ 0.30 II 

4.45!: 0.83 II 

40.8 ~ 6.11 mi. /kg. 
60. 8,.1.0 " 
38.4 t 4.83 II 

11'1 

None below 4 ml./mm. /kg. 
Noue above 3 11 

3TCJ, of the values were 
lower than lowest of 
the ccmtrol group 
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Prblclple: Calcium Is precipitated as the oalate. which Is washed free of exceu 
oxalate and thea titrated lD. hot acid agalDst DIDO". 

2 MDO; .;. & c2o, • .;. 18 ul ----+ 2 MD# .;. 10 co1 1- 8 ~~zo 

Apparatus: lrficro-bu..ret 6 ml. ID. o. 01 ml. dlvlsfous. 

Regents: 

1. Ammc:mlum ~droxlde 0. 36 X. Dilute 2 ml. co.aeeatrated HB-iOB to 100 ml. 
with distilled water. 

2. AmmooJ.um ~dro:dde" x. Dilute 21 ml. ccmceatrated n,oa to 100 ml. wUJa 
d.lstllled water. 

3. Ammc:mlum oxalate oi«< w /v 1D water. 

-&. KMDO -i - 0. 1 ~stock. Dissolve 3. 3 g. pare reagent grade KIIDO" Cl')'atals 
1D 1000 ml. dlstllled water. Brlllg to a boll. Cover with a beaker azUl allow to 
cool and stand 1D tbe dark for two to three days or longer before uslDg. 

6. KMD04 -- dllute worldng solution. Dilute 10 mi. of stock 0.1;! solutlOD to 
100 mi. with water. Prepare and standardize just before ase. 

8. Sodlum oxalate stock 0.1JI. Weigh out exactly f. '1010 g. of pure dry reageat 
grade salt. dissolve and dnute. to 1llter with JM ~so4• This solution Is stable 
for several months. 

'1. Sodium oxalate working standard. Dilute 10. 00 ml. 0. 1 N stock soluUOD to 
100 ml. with 1 N H SO... Mix well. Prepare weekly. 

- 2 .. 
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8. Sulfuric add 1 N. Dilute a ml. coDCentratcd H~4 to 100 ml. wttb distilled 
water. Mix well. 

I. Phenol red- approximately 0.04fi1D water. 

10. Acetic acid 101. Dllute 10 ml. ol glacial acetic acld to 100 ml. with dtaUlled 
water. 

PRECIPfrATIOH 

Serum: 

1. Clean a 12 ml. Nt.vy walled eollleal eeDtrlfup tube by fl1l1llc with dlehromate 
eleRDing solution aad allowed to stand for at leut 10 mlnutee, preferably over
nJcht. Rhule thorough\y with dlattlled water RDd drala. 

I. Add 2. 00 ml. cell-free eerum to the tube utDa aa Oatwald pipet. 

a. Add 2 mL dtstnled water. 

4. Add 1.0 ml. ammolllum. oxalate 4laolutlaa. 

&. Ktx well by tapplDg and allow to stand for ODe hour. 

8. Ceutrifuge at highest speed for 10 minutes (do DOt aee aa ~Uned bea_., lawert 
qulcld.y and drain for 6 mlautea, Inverted OD a piece ol cleaa fllter paper; thea 
dry the mouth of the tube with a piece of mter paper. 

T. Blow Into the tube about 1.6 ml. of 0. 36 H MH40H bl'"kfng up tbe prec:tpltate. 
lU.Dae the sides of the tube with 1. 5 ml. more of the 110latloa. 

8. Recentr.l.fuge, Invert qUickl1' and dra1n 5 mlautea. clryfng the mouth of the tube 
after dra1n1ng, aa before. 

9. Repeat washing, centrifugation and dra1nlng. 

~: 

1. Plpet exactly 1-5 ml. (depending on the expected calcium content) of urlDe Into 
a conical tube. 

2. Add 1 drop of phenol red ladlcator and then 4 N NH40H drop by drop UDtU the 
lndlcator ls pink. 

3. Immediately add 10% aceL.e acid drop by ch-op unUl the lndlcator just tuma 
yellow. 
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4. Add 1 ml. of ammonium oxalate 4%. 

5. Mix well and let stand 1-2 hours at room temperature. 

8. Proceed with centrifuging and washing as in serum calcium but wash the preci
pitate two extra times. 

Food, Tissue and Feces: 

1. Ash an appropriate dried aliquot of sample at 600°C., for several boUI'II, to a 
white ash. Jf a dark ash ts obtained, add a few drops of concentrated HCl, dr,r 
and reignite at 600°C. 

2. Dissolve the ash in a drop or two of concentrated HCl. 

3. Transfer quantitatively and bring to volume in a 60 ml. volumetric flask. 

4. Proceed with precipitation and washing as in the urine calcium procedure, 
using a 5. 00 ml. aliquot. 

TITRATION OF STANDARD 

Into a 12 mi. centrifuge tube pipet exactly 2. 00 ml. 0. 01 N sodium oxalate solu
tion, using an Ostwald pipet. Heat for two minutes in a boiling water bath and titrate 
whtle still hot (keep in a beaker of bot water) with 0. ()1 N (approximately) KMn04 solu
tion to the first permanent pink; titrate slowly at first, allowing each drop to react 
before adding the next. 

Correction factor = 2 ml. /ml. KMnO 4 used 

The factor should be between 0.95 and 1.05. If it is not, adjust the KMn04 solu
tion by addition of more water or more KMn04• 

TITRATION OF UNKNOWNS 

1. Add 2.0 -ml. 1 N u2so4 , tap gently to break up the precipitate. 

2. Heat for 2 minutes in the boiling water bath, until all of the precipitate is 
dissolved. 

3. Titrate, using the precautions noted above, to the first permanent pink. 
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CALCULATIONS 

ODe (1) ml. of 0. 01 ~ sodlum oxalate solutloll (or of 0. 011!. Klla04) Ia eqalwleQt 
to 0.2 mg. of calcium. 

1.00 ml. X 0.01 H: 0.01 m.Eq. 

0.01 mEg. :x 40 (at. wt. Ca) : o •. 2ma. ea. 
2 (ftleace of Ca) 

0. 2 :x ml. permaDgaDate (0. 01.!!) x 100/2 ~ rpa. Ca per 100 ml. •ram 
or 10 :x (ml. permau.gaute) x (correcttcm factor) ~ mc4J ca. 

Example: 2. 00 mi. 0. 01J! eodtum oxalate required 1.180 ml. of appi'Oxlmateq 
0. 01 .!! KMnO 4 for tltraUon. 

l'aetor : J.00/1.88 • 1.01 

Tbe calctam OPiate precipitated fi'Om 2. 00 ml. of MrmD, Utrated u above, re
qulred 1. 080 ml. of tbls pennanpute for t1trattoa. 

10 x · 1. 080 x 1. 01 = 10. 'I mg. Caper 100 ml, .6eram 

UriDe and Other !amples: 

Tbe calealaUoas are wr.r lllmUar, e..,t that tbe dep'ee fll clllatbl ad alze of 
tile sample must be emuddered. 

lfotes: 

1. BxtreJDe care 1s requlrecl ba mtxtnc, wuJdD& ad draJJWrc, to aYOld lou of 
some of the preclpltated calclmD Olla)ate. · 

2. The solutloD, dlu1Dc the tltratkJil, mut be kept betweea '10 ud 'lf'C. to iuure 
a stblcblometrlc reacUoa. A bi'OWD color, (MAO,) obtaSDecl b.r tttrat1oa at lower tem
peratures, or b.r too rapid lDIUal tltraUcm, wW result ba lDaeearatel.r laip wlues. 

3. When the firs\ drop of KMD04 Is added the pink color perslst8 for some ttme. As 
sooa u eatalyttc IUllCNiftj' of manpnoaa (llatf) salta are formed (see reaetloll p. 118) 
tbe J'Udloa proeeeds more rapldq. 

. 4. Ill the aaalysla of urine It Ia adrisable to use fresh samples U at all possible. 
F~ M-hour collecUDDs and for brief presenatlOD add 4 ml. glaelal aeette add per 
DIG> mil.. oil Uldae-.. lfea&uft tNt totaJi. 1!01•unt befome ~ •. 'Dbe 1ldM' eabzium. de
tprrndbaifliDliiJ leas; qmrlftkt ella ... 'lfl"''"' •« t aallidlc ....,bed! lillie ..,....I»'!IIMtedl 
al~fiMiib4R(tladl381• I.. . 



I. Other methods whlch might be used Include: 

(a) Oxalate precipitation methods uslllg pei'IIWig1UI&te wlth added KDS04 to 
catal,yze the reaction at room temperature (Ref. 2) with subsequent uaq.ta 
by Utratton Iodimetry or photometry. 

(b) Cbelatometric methods based on the formation of an extrem.eq stable eolable 
calcium complex with ethylene-dlamlne-tetraaceUc acid (BDTA) toptber 
with the use of specWc indicators (Rel. a and 4). 

INTERPRETATION 

Serum Calcium: 

All of the calcium 1n the blood is confined to the plasma. The DOrmal rutp for 
serum total calcium Is between 9. andll mg. per 100 ml. seraill. (I mBq. per Uter; 
1.1 mK. per llter). Ill Infants (especially premature) with adequate Vftamln D bd:aJia 
the level may be as high as 12 to 13 :qag. Cf,. 

About 1/3 of tbe calcium of the serum Is bomd to_protelD ud 18 ''JDacthe" ....,_.,_ 
logically. The remainder Is composed of lonlzed (mostly) and UDi.tsecl (cltratll?) cal
elum, ODly tbe Ionized porUon is Involved in the control of sel1Qil calcium lnel ud Ja 
IDU8cle lrrltabllity. The level of total serum calcium Ia affected b7: 

(1) Deficient IDtestfDal calcium abso.rptlOD. 
(2) Alterat1011 In ~ld hormone aecretloll. 
(3) ChaDges 1D serum inorganic phosphate. 
(., AlteraUOD in plasma proteins. 

A recent formula (Ref. 6) for the proportion boulld to proteiD Ia: 

Proteln-bomd Calcium : ('l. 6 . x albUIIl.bl) 1- (1. 8 x globn1fn) - 1.1 
hl which protem-bound calcium Is expressed In per ceat of total calclam ud albamJa 
ud globulJD. are expressed ID g. per 10·0 ml. serum. I' or eumple: 

A serum gave the following values - Total calcium 
Albumbl 
Globulin 

Protem Bd. Ca : ('l. 6 X 4:. 6) /- (2. 8 X 2.1) - 3.1 
= 35 1- 6. 1 - 3. 1 
= 38$ 

10.8 x o. 38 : 4:.1 mg.% calcium is p~teJn-bound 
6. '( mg. C£ calcium Is dlffuslble. 
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Decreases In Scnun Cnlclum nrc seen tn: 

Uypop.'\rathyro ldl sm 
Rickets (Vllamln D dcftclenc.-y) (children) 
Steatorrhea (as in sprue, coeliac disease) 
Renal failure (secondary to elevated ro

4
•l 

With Values given as: 

Less than 6 mg.% 
Usually 8 - 9. 6 mg.% 
Usunlly 8 - normal 
As low as 6 mg. cr, 

Tetany may be seen In patients with decreased total serum calcium wlth abnormal 
reflexes below 8 mg.% and carpopedal spasm below 7 mg.%. These values are modified 
to some extent by variation ln serum protein level and acid-base balance in so far as 
these modJfy the proportion of the total calcium present as ionized cafl., since it Is 
the level of Ionized calcium which influences the irritability of muscle. The overall 
lrrltablllty of muscle Is also tnnuenced by many other factors as well. 

A decrease in serum calcium ls never the cause of excessive bleeding. The serum 
calcium level required for coagulation is so small tha~ it is alwa,ys present in excess. 
In massive transfusions, citrate may bind enough Ca f to affect coagulab111ty if com
bined with other effects. Oxalate and citrate both may cause tetany by binding caff. 

Increases in Senun Calcium are seen in: 

Hyperparathyroidism 
Hypervitaminosis D 
Multiple myeloma 

Representative Values: 

12 - 20 mg. cr, 
12 - 17 mg.% 
12 - 17 mg. cr, 

lil most other diseases, Including bone disease, the serum calcium is maintained 
within normal limits due to very close pl\fslologlcal control and the large reserve 
storehouse of readily available calcium -- the bones. 

Calcium Excretion: 

On the ord!nary diet contatntng 0. 'I - 0. 9 g. of calcium dally, about 76% of the cal
cium appears in the feces, the remainder appearing in the urine. The proportion de
pends somewhat on calcium binding substances present in the diet. 

There is an increased urinary excretion of calcium In hyperparathyroidism and In 
multiple myeloma. A decreased urinary excretion of calcium Js seen in rickets due to 
Impaired intestinal absorption nf r.alclum. 

Calcium Balance Tests: 

In some disease states the net loss of calcium from the boc\Y ~ be ao slow (over a 
period of 20 to 30 years In the case of osteoporosis) that the serum calcium values or 
the urinary excretion rate may not seem to be affected even though the excretion Is 
greater than the Intake. In these cases a Calcium Balance may be carried out as follows: 
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The p:tUenlls placed on a low calcium diet containing aboullOO - 150 mg. of cal
c:lnm :mel 600 - 700 mg. of phosphorus dally, and three days arc allowed for the paUent 
to bec:ome adjusted to the diet. A feces marker (carbon, carmine, or gcntlall violet) 
18 glYen before breakfast the cla,y collecUoas arc started. Tl~ to four day collecUOIUI 
are made at the end of which aaother marker Is giYCn before breakfast at which time 
urine collection ceases for that period. Feces collectloa Is made from marker to 
marker, lneludlng Ill the test U. speclmen contalniDg the first marker but exc:lucllDg 
tbat containing the second marker. 

The U'llle aad fecal c:alc:lam 18 determined and·tbe a-yenge dalq excretlaa. COIIl

pared to the bown Intake. 

Calc:lam IDfuelOD Teate: (Ref. I) 

In order to iiYold tbe lomg tedious proc:edarea lllwlftd In c:alc:lam baluce llbldlea, 
the rate of ucretlcla of c:alc:tam In the viDe after lnfuaiOD of 400 - 1200 IDC· al calc:lam 
u the glaecmate (or other DOD-Irritant all of c:alclam) laa beeD atudled ud baa aened 
u anlDdex of tbenpeutlc: effec:t1Yeaeaa In oeteoporoela, ~ldlam ud aeY

eral other dlseuea. (Perloff, W.B ••. J.D. Boutwell, Jr., ud R.B. llaaa: J. Amer. 
Ger. Soc:let;y, !, 780 (11&6). (Bhlll.IDc, A., llllCI t.zlo, D., Rate of 111'1Da17 calcium 
excretlm foUowJDc lnl.raYeDOU Jafuloa. Proc:. Soc. Bxper. Blol. •Keel., 78, 281 
1951.) 
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CALCIUM BALANCE DIET (MODIFIED AUD DIET) 

Place patient on a diet containing 100 mg. of calcium per day for 8 days, collect 
24-hour samples of urine for the last 3 days of the diet period. Pool and analyze for 
calcium. 

An excretion of 300 mg. or less of calcium for the 3-da.y period Ia considered 
.normal. In b;yperparatl\}'roldism, considerably over 300 mg. w1ll be excreted. 

Soup 
Meat, Fish, Poultry 

Cereal, Bg• ud IW.k 

Vegetable• 
0. 008 gram calcium 

Potato SUbstitute 
0. 003 grams calcium 

SAMPLE DIET 

None 
2 of following dally 
60 grams lean beef 
60 " chicken 
60 " lamb 
60 11 mac keral 
66 11 lean veal 
80 II turkey 
TO " hallbut 
80 " codfish 

Omit enUrel_f 

3 of following dally 
40gram.speaa 
4:5 II asparagus 
65 II summer squash 
60 " winter squash 
'16 " potatoes 
80 " fresh tomatoes 
90 " cucumbers 

100 " corn 
100 " egg plant 
130 II fresh tomato juice 

1 of following daily 
25 grams dry rlce 
15 11 spaghetti 
15 
30 

II 

" 
macaroni 
homl.ny 
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Omit entire~ 
Use no other 

meat, fish 
or poultry 

Uae no other 
veptable• 

Avoid all other 



CALCDJM BALANCE DIET (MODIFIED AUB DIET) (Cont.) 

Fruits 
0. 001 grams calclmn 

Beverages 

Bread 
0. 008 p1Uil8 calcium 

Mlseellaneoas 

Allow 

4 of following dally 
60 grams cantalopc 
50 11 cherries 
60 .. grapefruit 
50 " plums 
50 11 pineapple 
50 11 apricots 
60 " pears 
80 " grapefruit Julee 
80 II peaches 

100 If bananas 
100 " apples 
100 II watermeJoD 
100 " fresh tomato jalce 

Fluid JDtUe llhould be 
eanmnt lJlroaPout 
teat period. 
1 eup eoffee at breakfast 

A '¥Old 

A void all other 

Awld all other 

1 eup tea at DOOD • eYtia.uc JDN1 
water may be bad betweell meala 

30 grams bread eaeh meal 

SUgar as desired 

Awld all other 
foocl8 



!!efcrence: 

CALCIUM 
Serum 

,..,..er!".), P. "'.'., and Ham, ·A. B . , Am . .J. Clin. Path., 28, 208 (1957). 

Principle: 
Calcium Is precipitated as tfje insoluble salt of chloranJUc acid. a Is washed free 

of excess chloranlllc acid, using Isopropyl alcohol. The precipitate of calcium chlor
anllate Is then dissolved in Na EDTA (ethylenediamine tetra-tlceUc acid, tetra sodium 
salt). The resulting pink solut1on Is compared photometrically against similarly pre
pared standards and blanks. 

Reagents: 
1. Chloranllic acid 0%). Dissolve 1 g. of chloraniltc acid ID 60 ml. of distilled 

water containing 7 ml. of 1 ~ NaOH. Mb and dilute to 100 ml. with dlstllled water. 
2. Na4EDT A (5%) (ethylenediamlnetetraacetlc acid, tetra-sodium salt). Dissolve 

five grams of Na4EDTA tn 100 mi. dlstllled water. 
3. Isopropyl alcohol 50~. Mix equal volumes of Isopropyl alcohol ad distilled 

water. 
4. Calcium standard. Weigh out exactcy 0 . 2497 1· reacent crade calcium carbo

nate (CaC0
3
) . Wash Into a 1 liter volumetric flask. Add gradually, 10 ml. of 1.!. HCl, 

using it to rinse down the sides of the flask. When 110lution le complete, dilute to vol
ume and mlx. 1 ml. : 0. 1 mg. calcium. 

Procedure: 
Into four 12 ml. heavy duty. conical, pyrex centrifuge tubes cleaned u outlined 

on P. 119. add reagents and proceed as outlined. 

H20 . 
Standard Calcium 
Serum 
Chloranlllc add 

Blank Std1 
(Ml. to be added) 

2 1 
1.00 

1 1 

2. 00 

1 
2.00 

1 

2. Mix the contents of each tube wed and allow to stand at room temperature for 
at lea~t ~0 minutes. 

3. Centrifuge , decant and drain 011 a filter paper for 6 mbautea. Wipe the Up of 
the tube free of the last drop. 

4. Blow tn 4 ml. of 60% isopropyl alcohol eo u to break up the precipitate. Mix. 
6 . Centrifuge, decant, ancJ dral.n as Instep 3. 
6. Add 1 drop of dlsUlled water to each tube. After atandiDg CJDe mbaute gently tap 

the tube to break up the precipitate. 
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T. Add t.H al. al Ma4ED1'A to eadl w.e, ..tz well .... after co..,lete cJeadlls 
CUoali mbnlleat Ccapant ~caJV at 1• - ..... tile ltlalt .tat 1MS T. 

Calcalatlou: 

lllterpretatl.a: 

Ca (me. tJ = UJ.IDJ a C8 • (1M/It 

(For ~) = UJ.IDJ a 1.1 a (111/Jt 

: UJ./DJ a I 

(Poraty • ~J • u 

Bee preriau llleODd.· 

111 



CAUBON DlOXIDE OF PLASMA CAPACfl Y AND CONTENT 

Reference: 
VanSlyke, D. D., and Cullen, G. E., J. Blol. Chem., ~. 289 (191'1) 

Principle: 
The carbon dioxide capacity Ia determined after. equilibrating plasma In a 300 ml. 

separatory funnel filled with an a l. mixture whose carbon dioxide tension approximates 
that of normal arterial blood. By thls technique the sample of plasma combines with 
as much C02 as lt Is able to hold under normal C02 tension In the circulating plasma 
(40-45 mm. Hg.). 

The carbon dioxide content determination requires special care In plasma collec
tion and preservation to Insure that the content of gases does not change until the anal
ysis Is completed. In this determination we attempt at all times to keep the blood at tbe 
C0

2 
tension that existed 1n the body. The blood should be collected without exposure to 

air and transferred immediately to a tube tmder mineral oil. For details read further 
under methods of collection and preservation of specimens. U blood Is collected In a 
"Vacutalner" tube, mineral oil Is not necessary and this technique requires centrifuging 
without removing the stopper, then rapid removal and measurement of the sample. Tbe 
tube is then restoppered immediately, thus preserving the sample for a second deter
mination or a pH determination If It Is also desired. 

ACID-BASE BALANCE - DISCUSSION 

Reference: 
Levinson and MacFate: pp. 1'16-181 
Peters and Van Slyke: Vol. I , Chapter 18 

There are three buffer pairs 1n the blood: (1) the prlma:ry-secondary phosphates: 
(Na

2HP0
4

/NaH
2
P0

4
) which have little clinical significance In malntalnlDg a cooet;;nt 

pH In bloOd; (2) acidic-basic proteins, particularly hemoglobin, wblch act primarily 
to prevent carbon dioxide from changing the pH of venous plasma more than about 0.03 
pH units from that of arterial plasma, and to aid 1n the process of transportation and 
liberation of carbon dioxide; and (3) • -t rbonlc acid-bicarbonate (NaBC03/H2co3) wblch 
Ia the chief buffer against strong acids or bases. 

The hydrogen ton concentration of the blood is directly related to the ratio of bi
carbonate to dissolved carbon dioxide concentration, by the equaUoo: 

pH = PKa I log (NaHCOa) 
(H2C03) 

This ls the ''buffer equation" of Henderson 
and Hasselbalch. 

Therefore the hydrogen ion concentration (acidlt~ of the blood Increases If the 
denominator of this fraction Ia Increased, or If the numerator Is decreased. The acidity 
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decreases If the denominator decreases or H lhl~ numerator Jncrcaocs. The body mech
anisms (lungs, kidneys) attempt always to maJntaln a constant hydrogen ion concentra
tion by making the numerator and denominator vary together, thus kee~ a fe},atlve~· 

constant quotient ()f' ratio. When a strong acid, su~ as B-hydroJW~tk acW ~~eta. 
acetic acid, is ~~~ced Into the- blood: .. it reacts. with the bicarllonate present to 
form the sodium SQlt of the stronger acid, plus carbon dioxide. Then enough of the 
latlcr Is excreted by the lungs to restore the above ratio nearly to normal. Thus the pH 
of the plasma is maintained relatively constant, though the concentraUons of co2 and 
blca rbonate in It are docrcased. 

Conditions wltlch upset the ratio of u2co3 to HC03 can be grouped under four heada: 
1. Prlntary alkali (bicarbonate) excess. This condition ls known as "alkalosis." 

It may be caused by the Ingestion of large amounts of bicarbonates or other alkalies, or 
by the loss of HCl from tho stomach tn extensive v:omltlng. as tn pyloric obstruction or 
in toxemias of pregnancy. This acid is formed by the stomach from NaCl. leaving 
NaHC03 in the blood. If then the HCl is not reabsorbed. but ls vomited. there wlll 
come to be an excess of bicarbonate ln the blood. 

2. Primary alkali deficit (known as "acidosis'?. R is found particularly ln dtabetea 
mellitus and ln terminal nephritis; also in severe diarrheas of infants. in starva
tion, and ln ether or chloroform anesthesia. Jlis due either to loss of NaHCO , or to 
formation of &odium salts of non-volatile acids, which are not avallable for b~er ilcUOD. 
These are excreted by the kidneys. which attempt to conserve some of the sodium by 
formatlo~ of ammonia from glutamine (and other amino aclds) to replace sodium. E~~ 
cretion of salts is accompanied by loss of fluids and debydraUon. Therapy: Administer 
physiological saline, glucose and insulin (In diabetes) to prevent formation of acids. 
Bicarbonate administration Is usually not necessary and may be harmful If carried too 
far. 

3. Primary COf excess. Rare; occurs In morphine poisoning and in Ayerza's 
disease - fibrosis o the lungs. 

4. Primary co3 deficit. Caused by over-ventilation of lungs. Rarely this ls of 
cllt~lcal significance. It occurs ln 0 2 deficit. fevers. encephaUUs with affecUon of 
respiratory center; and in hysteria. 

The bicarbonate content of blood plasma is known as Its "alkali reserve." It Ia 
easier to determine total co

2 
obtainable by mixing plasma with acid; so aikall reserve 

is expressed as the number of ml. of co2 (at 9° C. · and 760 mm. Hg.) that can be 
obtained from 100 ml. of acidified plasma. 55 to 75 ml. per 100 ml. of plasma or 
65 to 75 volumes per cent is normal. Normal pH of plasma Is 7. 3 to 7. 6. The pH 
seldom goes below 7. 3 (acidosis remains "compensatet.i") until the alkali reserve 
gets down below 40 volumes per cent. Hypernea appears when the value falls to half 
of normal (~oderatcly sev.ere acidosis). Below 30 volumes per cent, acidosis is 
sevcrr., though recovery may occur with values as low as 10 to 15 per cerit. Such 
cases however, usually terminate in death. 

A. VOLUMETRIC PROCEDURE 

Principle: 
-- 01 the CO that may be obtained from blood serum the greater part is present in ., 
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the form of the bicarbonate ion (IICO;;). Defore Utls potenl.ail1 carbon dioxide can be re
leaacd for measurement, It must be Preed from combination. LacUc acid, a stronger 
add than carbonic, is used to convert the bicarbonate lon to carbonic acid and the gas 
(CO.,) Js extracted under vacuum. Complete removal Is not possible with one extrac
tion "hut tf the amo\Dlt of solution· and the ratio of liquid phase to gas phase Is kept con
stant, the residue of co., remaining In solution can be calculated from the solublUl) 
coefilclent and tbe temperature and pressure. At the same time correction Ia made 
for the dissolved o~geon and nitrogen that are released by the extraction. The actual 
volume of co2 extracted ean be obtained by absorbing the co2 with alkalt such as 
NaOH. 

Apparatus: 
Van Slyke Cullen Volumetric Carbon Dioxide Apparatus. See Fig. 23. p. 132a. 

Reagents: 
1. Lactic acid 0. 1 ~ (approx.). Dissolve 1 ml. of lactic aeld ap. gr. 1. 20 In 

eDOugh water to make 100 ml. of solution. Add enough phenol red Indicator solution to 
color. 

2. 1 NNaOH. To 6.6 mi. of 18 ~ HaOH add with mixing euough dlatllled water to 
make 100 ml. of soluUon. 

3. Capryllc alcohol (Metb,yl n-belrlfl carbinol) In droppiDg bottle. 
4. Mercury In dropping bottle. 

Procedure: 
Note: You should become acquaJnted with the poalUon of stopcocks and le"YellDg 

bulb and also the feel of tbe stopcocks in order to control correctly the Oow of mercury 
aDd aolutloo In the apparatus before starti.Dg the determfnatiOD. 

1. Tbe enUre apparatus. Including the capUlaries above the upper stopcock E, Ia 
f1lled with mercury. 

2. Add one drop of eapryllc alcohol to cup; open the lower stopcock, and by control
Ung the upper stopcOck, allow the capryllc alcohol to run down Into the caplllary abcwe 
the upper stopcock. 

3. Add a few drops of mercury over the capryllc alcohol In ~ caplllary, and seal 
atopcock with mercury. allowing the alcohol to go Into the pipet. 

4. Two ml. of lactic acid Is placed In the cup B (an appro:xlmate measurement; uae 
iDarkiDg on the cup). 

6. One ml. of serum (measured with a pipet callb~d between marks) Ia nm·lnlo 
tbe cup under the lactic acid without m1xlng. or rubuer-Upped pipet Is used. 

6. With the leveling bulb In low position (2), open stopcock E an.d conb.'ol the dellv-
81'7 of serum and lactic acld.by means Of stopcock F. The lactic acid Is run In until the 
mercury reaches the 2. 5 ml. mark on pipet. Close both stopcocks and remove exceaa 
lactic aeid from cup. Seal with mercury. 

'1. With the le"Yeling bulb lowered to very low position 3, open the lower BtopeoCit 
and draw the leftl of the mercury (not the aqueous mlxtu.re) to the 60 ml. mark wblcb 
Is just above the lower stopcoc~ 
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8. Place leveling bulb securely in posltlon 2 and remove npJ>aratua from stand, 
Shake, without Inverting, for two minutes to liberate the gaa, Place the apparatus back 
1n stand carefully nnd allow to drain for 30 aeconds, 

9. Draw aqueous layer (but no gas) as completely as possible into chamber 0 by 
opening lower stopcock and lowering leveling bulb. It is better to control the flow of 
fiuld by means of the lower stopcock, 

10. Close lower stopcock and place leveling bulb 1n position 2. 
11, Open the lower stopcock to the side arm C and allow mercury to rise slowly lD 

the apparatus. Raise leveling bulb and place at such a height that the surface of the mer
cury is at exactly the same level as the mercury in the apparatus. The small amount of 
aqueous fluid can usually be neglected. If more than 2 or 3 em, of solution ls above the 
mercury, the height of the mercury in the leveling bulb should be raised 1/13th of the 
height of the aqueous column above the inside mercury level. Close lower stopcock and 
place the leveling bulb back in position 2. Read the volume of gas (at the aqueous men
iscus -not at the mercury level); call the volume V; record the temperature of the en
vironment and barometric pressure at the time of determination. 

When co
2 

in plasma or serum is determined, the ·reading of the total gas volume 
may be taken aa the finish of the determination. A certain amount of air carried into 
the apparatus dissolved in the plasma and in the 0,11$ lactic acid 18 mixed with the co2, 
but the correction neceaeary for this may be calculated from the solubility of air 1n 
water at room temperature, and in plasma at 390 C. , with sufficient accuracy for 
moat purpose•, The air correcttnn so calculated is given in the second column of the 
table. 

Factors for calculatiDg co1 content determined by volumetric apparatus with 
blood or plasma samples of 1 ml, (from VanSlyke and Stadie) are shown in thla table: 

Temperature 

22 
23 
24 
26 
26 
2'1 
28 
29 
30 
31 
32 
33 
34 

Air in extracted gases from plasma 
and water. Subtract from observed 
air {- co2 volume U co2 and air 
are measured together. 

0.046 
0.045 
0.045 
0.044 
0.044 
0.044 
0.043 
0.043 
0.043 
0.043 
0.042 
0.042 
0.042 

•B = observed barometric pressure 
132 

Factor by which ml. of 
co2 extracted from 1 ml. 
of plasma of blood 1a 
mulUpUed to give Vol
ume• of co2 

96.0 X B• /'180 
96,4 X " 
94,8 X " 
94.2 X " 
93,6 X •• 
93.1 X " 
92,4 X " 
91,8 X " 
91.2 X " 
90.6 X " 
90,0 X II 

89,4 X II 

88.8 X " 



Poattian 3 should I be 80 em. below 
Position 2. 

E 

... , ... 
•• 0 

- lDO 

-1.10 

rtpn 13. VaaiJ.yb..CIIllea Volumetrl~! co1 Apparatu. 

tala 

F 





Cbart for RaJ!id Calculation of Carbon Dioxide Value..!. 
B. P. = 753-767 mm. Hg. • Temperature = 23-:-2&°C. 

Volume of gas meqco2 Volume of gas meqC02 as read Vol. % per Uter aa read Vol. t, per liter 

1.00 90.3 39.3 .60 62.3 22.'1 
• 99 89.3 38.~ .69 61.3 22.3 
• 98 88.4 38.4 .68 60.4 21-•• 
• 97 87.4 38.0 . 57 49.4 21.1 
.98 86.5 37.1 .&e 48.6 21.1 
• 95 85.5 37.2 .65 47.6 20.7 
.94 84.8 38.8 . 64 46.1 20.3 
• 93 83.8 38.3 .63 45.1 11.8 
.82 82.7 38.0 .62 44.'1 18.4 
r81 81. '1 36.5 .51 43.T 19.0 
.80 80.8 35. 1 .60 42.8 18.1 
.81 79.8 34.7 .48 41.8 18.2 
.88 78.8 14.3 .48 40.8 lT.I 
• 8'1 T'1.8 .13 •• .4T 38.8 17.3 
.88 '11.0 33.1 .41 38.0 lT.O 
.8& '18.0 33.0 .46 38.0 18.1 
.84 16.1 32.7 .44 37.1 18.1 
.83 74.1 32.2 .43 38.1 16.1 
.82 13.2 31.8 .42 35.2 16.3 
.81 72.2 31.4 .41 34.2 14.8 
.80 '11.3 31.0 .40 33.3 14.4 
.18 70.3 30.8 .38 32.2 14.f 
• 18 89.4 30.2 .38 31.4 13.'1 
• 11 88.4 29.7 • 31 30.8 13.3 
.. 78 61.6 29.3 .38 28.& 12.8 
.16 86.6, *·8.9 .3S 28.6 12.4 
• 1. 8.5.6 1;8.5 .34 2'1.8 12.0 

. 'a 1.4.6 ... 1 .33 28.8 11.'1 

.D 63.1 a'f.7 .32 25.'1 11.2 

.'It 62.7 =t'l. 3 .31 24.'1 10.'1 
• '10 81.8 -.,, .30 23.8 10.3 
-;19 60.8 26..4 .29 22.8 8.8 

•• 69.9 28.ct .28 21.1 9.6 

·" 58.9 25.8 • 2'1 20.8 8.1 
.66 58.0 25.2 .28 20.0 8.7 
•. 65. 6'1.0 2.4.8 .25 18.0 8.3 
.. 64; 66.1 24.4 .24 18.1 '1.1 
.63 65.1 24.0 .23 1'1 .1 1.4 
.62 54.2 23.8 .22 18.2 '1.0 
.81 63.2 23.1 .21 15.2 8.8 
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Volume of gas mcq C02 
as read Vol.% per liter 

• 20 14.2 6.2 
.19 13.3 5.8 
.18 12.4 5. 4 
.17 11.4 5,0 
.16 10.5 4.6 
.15 9.5 4.1 
. 14 8.6 3.7 
.13 7.6 3. 3 
.12 6.7 2.9 

Assumptions: 
1. Barometric pressure varies between 753-767 mm. Hg. 
2. Temperature varies between 23° and 25° C. 

~: 
If plasma is allowed to stand exposed to the air while in contact with its erythrocytes, 

even more drastic c~angea will occur due to the Hamburger effect (the chloride shJft). 
(Such changes are irreversible if the red blood cella are then removed.) This may best be 
explained by the following logical (not chronological) se!l'ies of events. 

In tissues: 
1. C02 having been formed by the metabolic activity of the cells, passes through tbe 

intra-cellular fluid and then into the plasma. From the pla11ma the C02 passes ID.to the 
red blood cell. 

2. In the red blood cell, it forms a2co3 by reacting with H20, catalyzed by carbonlc 
~d~e. H20 t C02 ~ H2co3 

3. The newly formed H2co3 produces little or no change in the erythrocyte pH be
cause of the availabillty of. potassium ion (Kf)Uberated by the conversion (by loss of Oz) 
of the stronger acid HHb02 (oxyhemoglobin) to the weaker acid HHb (reduced bemoclobtn). 

4. The newly formed KHC03 ionizes to form Kf and HC03 -. Most of tbe HC03- dlf-. 
fuses back into the plasma. 

5. Since Kt as a cation is unable to diffuse with HC03-, an equivalent quanUt;y of Cl
diffuses from the plasma into the erythrocyte to maintain electrical neutrality. 

In the lungs: 
The reversP. of the above events takes place. 
1. HHb accepts oxygen and becomes a stronger acid, HHb02 which recaptures Kf aad 

reforms ~co3 which breaks down to form C02 and water. 
2. The co2 di!fuses from the cell into the plasma and out into the alveolar Jpacea. 
3. Then more Hco3- diffuses back into the cell and Cl- diffuses out. 
4. Thua the overall effect is the loss of Co2 to the lungs from the plasma HC03-

via the red cells (where HC03- becomes C02). 
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When CO Ln plasma is determined without the introduction of alkali, 1t is not nec
essary to wasl1 the apparatus out between analyses. The slight amount of co

2 
remain

ing dissolved in the form of acidified solution wh..lch adheres to the chamber walls is 
negligible. After the measurement the contents are expelled into waste jar by elevat
ing the leveling bulb and turniilg stopcock as to connect with waste jar, Air diffuses 
through rubber tubing slowly and may gradually accumulate 1n the apparatus. A blank 
extraction of 2. 5 ml. of the lactic acid ahould yield no more extracted gas than the vol
ume indicated in the second column of the above table. 

12. The best procedure is to absorb the C02 by alkali. This absorption~ be 
done when whole blood is analyzed. After the measurement of total gas volume, v1 , 
the leveling bulb is lowered so that a partial vacuum is obtained, the gas space being 
increased to about 5 ml, in the chamber. The lower stopcock is now closed and 2 ml. 
of 1 N NaOH solution (see "CommentsJ' below) is placed in the cup of the apparatus. 
One i;1. or' alkali is allowed to flow slowly til to the chamber, at least 30 seconds being 
taken for its admission. After the alkali is admitted, the upper cock is sealed with 
mercury. The solution is now allowed to drain for one minute. (Do not shake.) 

13. The gas volume is now brought to atmospheric pressure in the same manner 
as before and its volume is read. Call this volume v2. The difference, v1-v2 , ls the 
ml. of carbon dioxide obtained from 1 ml. of setum at t°C. and B mm. Hg. pressure. 
This value (ml. of co

2
) is multiplied directly by the factor indicated in the third col

umn of the above table. 

Calculation: 
Example: If V 1 = 0. 72 ml. 

v2 • 0.05 ml. 
vl - v2 = 0.67 ml. 

Volumes % co2 

Preparation of apparatus; 

Barometer 
Factor 
t° C 

750 mm. Hg 
• 94,2 X 760/760 
= 25° c. 

: 0. 67 X 94,2 X 750/760 
: 62. 3 Volumes % 

I! this is kept clean, with well greased stopcocks, the only preparation necessary 
is to test for leaks. This test should be routine, and should never be omitted. It is per
formed by sealing both capillaries of the top stopcock with mercury, closing it, and 
drawing a vacuum to the 50 ml. m:'l.rk. The stopcock grease is not strong enough to 
prevent leakage unless the capillaries and the bores in the plug are filled with mercury. 
Therefore, it is important that the stopcock be sealed with J:I;~.ercury before lt is put 
under reduced pressure. After being drawn to the 50 ml. mark, the mercury is then 
allowed to rise to the top cock and to strike it gently. A sharp click should be produced, 
A muffled or soft click is an indication of the presence of air .. 

Precautions to be observed in handling blood gas apparatus: 
1. When the apparatus is not in use the reaction chamber should be fllled with water. 
2. The stopcocks should be well greased (avoid excess) so that the flow through the 
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ey•tem can bo ton trolled smoothly. Do not allow the stopcocks to be in contact with 
alkAline solutluns longer than is neccasary. 'l'he instructor wlll demonstrate the proper 
method of gren111lng the stopcocks. The stopcock plug must always be handled a short 
dletance above 1\ dosk (preferably wooden) so that there is no chance of its sUpping from 
greaey fingen onto the floor. If the plug falls a few inches onto the desk it will not 
break. 

3. Mercury Ia heavy. When you handle the leveling bulb make sure that yo-, have a 
good hold on it. When you set the leveling bulb down in the iron ring holders do it with 
care and make sure that it Is secure before you let go. 

4. Mercury is expensive. Please take care not to waste it and particularly avoid 
epllling of mercury into the sinks. If any mercury is spilled on desk, floor or sink, 
recover 1t and place it in the waste jar provided with each apparatus . This mercury 11 
not thrown out, It is carefully cleaned and used agaln. 

6. Mercury forms amalgams with the noble metals. Therefore it is suggested that 
all jewelry, including rings, wrist watches. and gold-trimmed fountain pens be removed 
from your person whlle working with this apparatus. 

6 . Please leave the apparatus at the end of the day !Uled with water u you found lt 
at the beginning of the period, 

Inte!J)retaUon: 
See Appendix for discussion of electrolyte balance. 

Note: For rapid calculation of C02 1n volumes I and meq. /liter when the measurements 
are made at close to 760 mm. Hg. and 24°C. see table p. 133. 



CARBON DIOXIDE 

B. MANOMETRIC PROCEDURE 

Principle: 
Carbon dioxide is liberated from plasma by lactic acid (along with·sma.U amounts 

of other gases, such as 0 2 and N2). The pressure at a constant volume (2 ml.) is 
measured before and after absorption of the co2 with NaOH. The difference in pres
sure may be converted by an appropriate factor to volumes per cent co2 or to meq. per 
liter co2. 

Reagents: 
As upder the volumetric method. 
NaOH 1 N (deaerated) 

Prepare as follows: 
1. Allow 25 ml. of solution to run. into the chamber. Seal the stopcocks with 

mercury and evacuate to. the 60 ml. mark. 
2. Shake for 3 minutes and allow the air to escape through the cup by .raising 

the mercury reservoir. 
3 . Reseal and repeat at least twice more until no measureable amount of 

residual air remains . 
4. Transfer the deaerated NaOH into 11. storage chamber with stopcock under 

oil and seal the Up of the storage chamber by immersing 1n mercury. · 

Procedure: 
1. The extraction chamber is cleaned by the use of 10-15 ml. of water and 1 ml. 

of 1 ~lactic acid shaken under vacuum, and the cleaning fluid is ejected through the 
cup. 

2. A drop of caprylic alcohol is drawn into the capillary above the top stopcock 
avoiding the entrance of air. 

3. Deaeration of the lactic acid: 7. 5 ml. of 0. 1 H lactic acid ls placed ln· thea·CllP 
and drawn into the extraction chamber. The capillary of the cup anct the stopcock,.,.r.e 
then sealed with mercury and the mercury meniscus ls lowered to the 50· ml. · ma.fk. 
Shake for 3 minutes. The lower stopcock is now opened and the mercury is allowed 
to slowly rise; The mercury reservoir ts now raised to the tqt ,.altlon and .the'*"
stopcock clo$ed. 

4. Introduction of plasma sample: The top stopcock i~ op-ezae.i • fhe c~ ·and 1ate 
bottom stopcock opened slowly to allow the lactic acid solution to ·Iilse to the '6 m'l. 
mark on the cup (5 ml. for the blank "c" correction) . The bottom stopcock ts then 
closed and the mercury reservoir is lowered to the rest position. The sample is then 
delivered using a 1 ml. pipet with or without a rubber tip. The level of fluid tn the 
cup is then lowered to exactly 5 ml. by the use of the bottom stopcock and the capillar
ies are then sealed wiUt mercury, allowing a few drops of mercury to enter the ex
traction chamber. 

5. Extraction of the gas: With the top stopcock closed and sealed with mercury, 

137 



the mercury meniscus is lowered to t.hc GO ml. mark. Tho bottom stopcock iA cl('Aed 
and the extraction chamber is shaken for 3 minutes. 

6. Reading of the pressure P1: P1 1s rend by allowing the solution to rise slowly 
and.evenly to the 2 ml. mark. If any bubbles nrc present they must be allowed to brea~. 

before the rending is made. At the same time the temperature is recorded. To insure 
complete gas extraction the mercury meniscus is again lowered to 50 ml. and the ex
traction chamber is shaken for 3 minutes, andthe rending P1 is repeated. 

7. Rending of the pressure P2: The solution is slowly lowered to the middle of the 
large bulb of the extraction chamber and approximately 2 ml. o~ 1 ~ NaOH (deaerated) 
is introduced into the cup. The top stopcock is carefully opened, care being taken to 
avoid the introduction of an air bubble. 1 ml. of the deaerated 1 ~ NaOH is alloy.red to 
run slowly (30-60 seconds) into the chamber. The capillaries are again sealed with 
mercury allowing a few drops to enter the chamber. Allow to stand for 1 minutes for 
full drainage, then allow the solution to rise slowly and carefully to the 2 ml. mark. 
Read the manometer P2• 

8. Determination of the "c" correction factor: Proceed as under procedure 1-3 
but allow the deaerated lactic acid to rise to the 5 ml. mark in the cup, thus leaving 
2. 5 ml. of lactic acid in the extraction chamber. The capillaries are sealed with mer
cury, and a PI reading taken with the solution meniscus at 2 ml. 1 ml. of deaerated 
1 ~ NaOH is added as under Step 7 and a P~ reading taken. The difference P~ - P~ • 
"c", the correction factor. 

Calculation: 

Pcoz = P1 - Pz - c 

For the above given solution volumes and for various temperatures, the factors 
are given in the table. 

C02 Factor C02 
Factor 

·Temperature·0 c Vol. % meq, /1 Temp. °C Vol. % meq. /1 

15 27.35 12.44 26 25.81 11.75 
16 27.19 12.38 27 25.69 11.69 
17 27.04 12.30 28 25.57 11.64 
18 26.90 12.23 29 25.45 11.60 
19 26.75 12.15 30 25.33 11.56 
20 26.62 12.10 31 25.22 11.50 
21 26.48 12.04 32 25.11 11.44 
22 26. 34 11.98 33 25.00 11.38 
23 26.20 11.92 34 24.89 11.32 
24 26 . 07 11.86 
25 25.94 11. 80 

Pco2 
x (factor1/100) = volumes per cent C 0 2 

Pco x (factor2/100) = meq. C02/lfter 
2 
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Exn.mplct: 

P.• = 348.7 mm. 
~2 = 146.4 mm. 
c • 0. 5 mm. 

Temperature = 24°C. 

Pc02 = 348 . 7 - 146.4 - o.~ 

Pco
2 

• 201.8 mm. 

Factor1 : 26. 07: Factor 2 : 11. 86 

201.8 x (26. 07 /100) : 62.6 vol.% co2 
201. 8 x (11. 86/100) : 23. 9 meq. co2/11ter 

Interpretation: See Acid Base Balance, p. ~21. 

Alternate Procedure (1): 

If 0. 2 ml. of 6 N NaOH is used to absorb the co2 1n the air phase, it is not neces
sary to deaerate the alkall since lt dlssolves only about 10 per cent as much alr as the 
115 NaOH. 

Alternate Procedure (2): 

1. & ml. of lacUc acid and 1. 0 ml. of plasma Jilay be extracted as outlined 1n the 
volumetric procedure and P2 measured with the ~s volume at 2. 0 ml. The gas is 
then ejected without loss of fluid, the capillary ls resealed with mercury and the 
pressure measured again at 2.0 ml. gas volume. At 20-28°C. the followlng equaUon 
applle.s: 

(P1 - P2) x 0.266 - 8.6 =Vol:% co~ 
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References: 

CARDON MONOXIDE IN DLOOD 
Micro Gasometrlc Estimation 

1. Roughton, F.J. W., . and Scholander, P. F., "Micro Gasometr1c Estimation of 
the Blood Gases," J. Blol.Chem., ill,. 051-63 (1943). 

2. Kaye, Sidney, Handbook of Emergency Toxicology, Charles c. Thomas- Pub
lisher, Springfield, llllnols, pp. 134-40 (1954) 

Principle: 
In the microg;asometrlc technique for estimating the carbon monoxide in a drop of 

blood, 40 cmm. of blood are mixed in a 1 ml. syringe with ferricyanide containing po
tassium bicarbonate and saponin. An acetate buffer is then added. The co

2 
which ls 

evolved upon shaking provides a gas phase for the extraction of the other gases of the 
blood and reagents; i.e. , 0 2, CO, and N2. After the extraction is complete, the co2 
and the extracted o2 are absorbed by all<aline pyrogallol; the small bubble which 
remains is measured in a graduated capillary attached to the nozzle of the syringe. 
The CO is absorbed by Winkler's solution and the gas bubble measured again. From 
the difference between the two readings the CO content of the blood may be calculated. 
No blank correction is required for the reagents since the blood itself is the only 
source of co. 

Apparatus: 
A special syringe analyzer and pipets are required. These are described In the 

original reference. They maybe obtained by wr.lting James D. Graham, 11 Montwell 
Avenue, Haddonfield, New Jersey. 

Reagents: 

Syringe, luer, 2 ml. and 10 ml. 
Needle, hypodermic, 21-gage. 

1. Distilled water. 
2. Caprylic alcohol. 
3. Ferricyanide solution. 2. 5 grams of K3 Fe(CJ~o')6 , O. 6 grams of KHC03, and 

0.1 grams of saponin. are ground in a mortar and dissolved in water to make up to 10 
ml. This solution should be renewed every three days. 

4. Acetate Buffer. 70 grams of sodium acetate (NaC2H30 2• 31;120) are dissolved 
in 100 grams of water and 15 mls. of glacial acetic acid then add,ed. 

5. Urea • . Dissolve 45 grams of urea in water and make up to 100 mls. 
6. Winkler's Solutloh. 20 grams of cuprous chloride (CuCl) . 25 grams of ammo

nium chloride, and 75 grams of water are placed in a bottle .just large enough to con
tain them. The bottle is corked, shaken with as little air as possible, and the precipi
tate allowed to settle. A coil of copper· wire is placed In the solution which is then 
covered wlth a layer of paraffin oil. After some time the reagent becomes <:otorless. 

7. Pyrogallol Solution. 15. 0 grams of powdered pyrogallol (C6H3(0H)3) are added 
to 100 mls. ol 20 per cent NaOH in a rubber stoppered bottle, and covered with a layer 
of paraffin on. The pyrogallol is dissolved under the oll by stirring wi(h a glass rod. 
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_BlC'_o_~~_P-les: 
A blood specimen of approximately 5 ml. is collected by sterile technique, with 

a minimum of e:~qJosure to the air dltlin~ c.ll otcpu of tho collection. The a{K!clmen 
should be drawn and transferred to ttae container alowly lo prevent aeration. It is 
then placed in a clean screw-cap wst tube~contalulng 6 mg. of lithiUM oJCa.late. Over
lay the spechr.en with 1 ml. of l \~t\l!u petrolatum wad gently atlr with a clean rod to 
effect soluUon of t.be oxalate. jj'llllhe teet tlibo v:lth llquld petrolatum and &crew on 
the cap. 

Procedure: 
1. The syringe is held vertically and any. liquid in the cup of the syringe is re

moved .by vacuum suction. The ferrlcyanldc solution is drawn to the bottom of the 
syringe and expelled through the cup and removed. This procedure is repeated twice 
with fresh lots of ferricyanlde, the dead space finally being left full of ferricyanlde 
without trapping any air bubbles. No grease or oil ls used in the syringe. 

2. The glass cup is fllled to the mark with ferrlcyanlde and the latter Is drawn 
down to the bottom of the cup. 

3. A drop of caprylic alcohol is deposited on the bottom of the cup. 
4. The pipet is fllled to the mark with blood, wiped, and held at a aUght angle to 

the horizontal so that the blood does not run out when both ends of the pipet are open to 
the air. With the syringe at the same angle, the pipet is cautiously introduced into the 
glass cup, and its Up pressed snugly, but not too vigorously, against the bottom of 
the cup. (Fig . 24a, p . 140a). 

6. By pulling out the plunger gradually the blood is slowly and evenly drawn Into 
the caplllary, followed by a bubble of air about 1 mm. J.n length. If the Up Is properly 
ground, and the right amount of pressure is applied, no apprectable caprylic alcohol 
is drawn In during this step. The bubble of air prevents any blood being sucked back 
into the tip when the pipet Is removed. 

6. The pipet ls quickly removed and the bubble of atr is then expelled through the 
caprylic alcohol, with the aid, if necessary, of a piece of fine wire or by tapping the 
capillary. 

7. A trace of caprylic alcohol , 1. e., about two division lengths of the caplllary, 
Is drawn onto the top of the blood and the reat of the caprylic alcohol is removed. from 
the cup by suction. 

8. The cup is fllled to the mark with acotate buffer and the latter drawn down to 
the bottom of the cup. 

9. The cup is then immediately fUled to the top with 45 per cent urea, and then 
closed firmly with the finger. 

10. The closed apparatus is vigorously uhaken in the horl.t.ontal position, the pl~~
er being gradually drawn out as the co2 and the other gases are evolved, the gas prt~~ -
sure being kept roughly at atmospheric. (Fig. 24b. ) The tot.~l volume evolved should t .·\.': 
u.bout 0. 75 cc. If the amount is appreciably more or less than this the concentration 
of KHC0

3 
in the ferricyanlde reagent should be correspondingly adjusted. Snaking la 

continued for a tQtal of 2 minute s. 
11. The finger is cautiously released, the syringe plu:..1ger being manluplated so aa 

to keep the gas meniscus in the enpillary . A arr•;,l ; :•m-:-v ·- ••f urea 1.; run down into 
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the caplllary and left there until the walls are perfectly clean. 
12. Three-quarters of the urea in the glass cup Is removed, and the rubber cup 

adjusted and fllled with pyrogallQl solution without trapping air bubbles. 
13. A little pyrogallol is drawn into the syringe. This absorbs some Co2 and 0 2, 

causing a partial vacuum which quickly sucks in more pyrogallol until only a small 
bubble consisting of N2 and CO (if any was originally present in the blood) is left at 
the top of the syringe. (Fig. 24c.)The absorption takes a few seconds and just before 1l 
is complete the residual bubble Is screwed slowly and carefully up Into the caplllary 
by manipulation of the plunger. 

14. The rubber cup is removed, and the glass cup Is emptied by suction. 
15. The caplllary is placed for half a minute in a beaker of water at room temper

ature. 
16. It iS' then removed, dried by light wiping, care being taken that the capillary 

is not handled, and the volume of the bubble read, V divisions. 
17. The glass cup is flushed clean with water an~ left filled. About three-quarters 

of this water is pulled quickly down into the syringe, forming a layer on top of the heav
ier blood mixture. The bubble, with clean water below it, is then at once run up to the 
top of the captllary. 

18. The glass cup is emptied of water and fllled with Winkler's solution. 
19. The syringe is then pointed with the cup downwards, the capillary making a 

slight angle with the horizontal. By cautiously screwing in the plunger the gas bubble 
is driven out Into the glass cup where It rests near the jUnction of the caplllary and the 
cup. (Fig. 24d.) As soon as the bubble is free in the cup, Winkler's solution is suc·ked 
behind it so as to half fill the caplllary. Gentle rotation ~or a few seconds completes 
the absorption of the CO. The syringe is then turned to ihe vertical position with the 
cup downwards and the gas bubble is sucked back into the capillary and its volume, V 2, 
measured as above. 

20. To wash the instrument, the plunger is pulled out \mder a stream of running 
water, and the blood m.lxture poured out. The syringe is filled and emptied several 
times with water before the plunger is restored. The plunger should never be forced. 
If there is resistance due to precipitates inside it the whole syringe should be re
cleaned. Occasional cleanlilg with chromic acid is recommended. 

Calculations: 
The carbon monoxide content of the blood in volume pc r cent equals (V 1 - V v. x f, 

where f is the correction factor for temperature, aqueous vapor pressure, and baro
metric pressure. In COHb estimations at saturations below 8 volumes per cent, at 
room temperature and at sea level it is often in practice accurate· enough to let f = 0. 9. 

Example: 
· Reading of V1-- -5.2 

Reading of V 2 - - -4. 7 

0. 9(5. 2• - 4. 7) = volumes per cent carbon monoxide 
0. 9(0. 7) :: 0. 63 = volumes per cent carbon monoxide 
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At the U. s. Naval Mcdlcal School, ful"lhcr calculations are made as folh ·vs: 
The hemoglobin of the blood ls determined by any convenient method, and this 

value is multiplied by 1. 36 (conversion factor - one gram hemoglobin equals 1. 36 
volumes per cent carbon monoxJde) to obtain the carbon monoxJde capacity of the blood. 
The carbon monoxide content mttltlplied by one hundred, then divided by the carbon 
monoxide capacity gives the percentage of saturation of the blood specimen. 

Example: 

~: 

Hemoglobin - 14 grams 
Carbon monoxide content - - 0. 63 volume per cent 
Carbon monoxide capaclty-- 14 x 1.36 = 19.0 

./ 

Carbon monoxide saturation : 0 • 63 x 100 : 3. 3 per cent saturation 
19 

1. One objection to this method is that the alkaline pyrogallol solutions used m11 
evolve traces of CO. This tendency dimlnishes with the strength of alkall and pyrogallol 
used, but increases with the partial pressure of 0 2 and the time of contact of-the pyro
gallol solution with the gas phase. The CO is thus apparently a secondary product of 
the reaction between 02 and pyrogallol. With the amounts of o2 yielded by 40 c. mm. of 
blood this pyrogallol solution has not been found to evolve any CO when used in the 
sy;ringe technique. 

2. The alkaline pyrogallol solution must be removed into the syringe from under 
oll without exposure to air. 

3. A drop of caprylic alcohol is introduced between the barrel and plunger of the 
syringes used for the reagents, to lessen the exposure to air, and also to prevent 
freezing of syringe due to the drying of some of the reagents. 

Interpretation: 
The normal carbon monoxide blood level is 0 to 2 per cent for non-smokers and 

1 to S for smokers. The mlnlmum lethal dose is a 40 per cent carbo~-hemoglobin 
saturation. If death is due to carbon monoxide, samples drawn from the bod;y weeks 
later wlll stlll so indicate since putrefaction will n""",t affect the carbon monoxide level. 

For a blood sample of 40 c. mm as described in the technique the accuracy of a 
single determination ls·o.15 to 0. 20 volume per cent. 
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Reference: 

CEPHALIN FLOCCULATION 
Be rum 

Hang~r. F. M., Jour. Clln. Invest .. l!_, 261(1939). Am. J. Med. Sci. 202, 
48 (1941). 

P~jnctple: 

Disturbances of the liver parenchymal cells may be detected by noting the capac
ity of blood serum to flocculate a colloidal suspension of cephalin and cholesterol. 

Reagents: 
1. Cephalin-cholesterol mixture. This consists of 100 mg. of partially oxidized 

cephalin and 300 mg. of cholesterol. The mixture is purchased from suppliers such 
as Difco Laboratorfos. Prepare ihe ether mixture by adding 6 ml. of anesthetic ether 
per unit to effect solution of the contents. If turbidity persists, add one drop of dis
tilled water to obtain a cleat solution. This solution constitutes the stock ether antigen 
of Hanger and is stable for months 1f kept tightly stoppered to prevent evaporation. 
Keep refrigerated. · 

2. Preparation of test antigen from the cephalin-cholesterol mixture. Add slowly 
with stirring, 0.6 mL of stock ether-antigen to 18 ml. of distilled water at 66-70° C. 
Then heat slowly to boiling. Simmer until the volume is reduced to 16 ml. This should 
result in a stable, milky emulsion. Prepare fresh each day. 

Procedure: 
Place 1 ml. emulsion in a test tube containing 0~ 2 ml. of the patient's serum (not 

over 24 hours old) and 4 ml. 0. 86% saline. Mix well by shaking. 
Control tube - 4 ml. saline .f 1 ml. emulsion. If possible run positive and negative 

control sera. Read after 24 and 48 hours. Record results. 

Interpretation: 
24 hours= negative 
48 hours =negative to 2 .f 
A negative result is of value in excluding parenchymal hepatic disease. Some 

workers believe that a positive result is due to various combinations of three conditions: 
1. Increase of gamma globulin 
2. Decrease of serum albumin 
3. Change in properties of serum albumin. 

negative 
11 
2 .f 
3 .f 
4 .f 

: mlllcy solution - no visible flocculation 
: milky aolutlon - faint flocculation - dispersed 
"' miley solution - definite flocculation - dispersed 
: millcy solution - partlcally settled flocculation 
:clear solution - complete flocculation 
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CHLORIDES 
Serum, Spinal Fluid, and Urine 

Jt_f~fcrcnces: 

1. Shales, 0., and Shales, _ S.S., J. Btol. Chem., 140, 8'19 (1941) 
2. Franco, V., and Klein, B., J. Lab. Cltn. Mcd., 3'1, 950 (1951) 
3. Sat!er, A. and Hughes, J., J. Btol. Chem 129, 273 (1939) 
4. Whitehorn, J.C., J. Biol. Chem., 45, 449 (1921) 
5. Wilson, D. W., an,d Ball, E. G., J. Bioi. Chem., 79, 221 (1928) 
6. King, E.J., and Bain, D.S., Biochem. J., ~51 (1961) 

Method I. (Reference 1) 

Principle: 
This is a mercurim.etrtc procedure. As with sUver ions, chloride also combines 

with mercuric ions according to the following equation: 

2 Cl- t Hgff - HgC12 (unionized) 

No precipitate is formed, contrary to the effect of silver ions forming insoluble silver 
chloride but the mercuric chloride is only very slightly dissociated into ions, and the 
end point is recognized by the appearance of Hgtf ions in solution. The recognition of 
Hgft is made possible by various indicators such as urea, sodium nitroprusside, etc., 
but in this method use is made of s-diphenylcarbazone (EK Co. f4459) which changes 
from colorless or light yellow to an intense blue when combined with Hgtt. Ills essen
tial that the pH at the end point be between 1 and 2. 

Apparatus: 
1. Flasks 25 ml. Erlenmeyer. 
2. Mlcroburet calibrated in 0. 01-0.005 ml. 100 drops should equai 1 ml. 

Reagents : 
1. Mercuric nitrate solution 1. 6-1.8 g. Hg(N03)2 are dissolved in a few hun~ed 

ml. of water with the addition of 20 ml. of 2 ~ HN03• Make up to 1000 ml. with water. 
2. Standard sodium chloride solution. 

Sodium chloride A.R. is dried at 120° C. and 584.5 mg. are dissolved in water 
and made up to 1000 ml. This solution contains 0. 01 mllUequivalents of chloride/mi. 
It is used for the standardization of the mercuric nitrate solution each day. 

3. Indicator--100 mg. of diphenylcarbazone (EK Co. 114459) is dissolved in 100 ml. 
of 95% alcohol and stored in the dark, preferably refrigerated. If the end point becomes 
sluggish, discard the solution; 1t is better to prepare new solution monthly. (It has 
been suggested that a sharper endpi>tnt is achieved by using diphenylcarbazide-sulfonic 
acid.) 

The stability of the diphenylcarbazone solution is improved by the use of a product 
obtained by recrystallization as follows: 

Saturate 200 ml. of 95% ethyl alcohol with the commercial s-diphenylcarbazone. 
F.llter or decant the solution. Add water to the solution gradually until the maximum 
turbidity is obtained. Allow to stand at refrigerator temperature overnight. Collect 
the crystals by flltration us ing aBuchncr funnel and a hard (Whatman #50) filter paper. 
Dry in a desiccator, do not use heat. Store the solid in the refrigerator. 

145 



Procedure: 
1. Whole serum: To 2. 0 ml. of water in a 25 ml. Erlenmeyer flask is added 

0. 20 ml. of scrwn by 8 times rinsing from a 0. 200 ml. "to contain" pipet, and 0. 06 
ml. of indicator (4 drops). The color in this slightly turbid mixture is salmon r;.;d, 
which changes to a deep violet, and then. to a light yellow, as titration with the acid 
mercuric nitrate solution proceeds and at the end-point a change to a pale violet occurs, 
which can be seen quite easily. The drops from the buret should be very small, about 
100 to the ml. 

2. Serum filtrates: To 2. 0 ml. of filtrate ( a:: 0. 2 ml. serum) in a 25 ml. Erlen
meyer flask is added 4 drops of indicator solution and the titration carried out as noted 
above. The color changes are somewhat different but at the end point changes to a 
~right blue. 

Calculation: 
T 

8 
= ml. mercuric nitrate solution required for titration of 2. 0 ml. of standard 

sodium chloride solution ( = 0. 02 meq.). T u • ml. mercuric nitrate reagent required 
to titrate 0. 2 ml. of serum (or equivalent filtrate). 

Cs = meq. ct-in 2.0 ml. of standard NaCl a 0.02 

(TuiTs) x Cs = meq. CC in 0.2 ml. serum 

I 1000 -
(Tu Ts) X Cs X "'0:2 = meq. Cl /liter serum = rru!Ts> X 100 

100 
or (Tu/T 

8
)Cs x o.2 x 35.5 = mg.% (as chloride·ion) = <TuiTe> x 366 

(TuiTs) x 685 = mg.% as NaCl 

Note: In order to increase the volumes measured in titration, we actually use 
5 ml. of a 1:10 filtrate of serum (equivalent to 0.5 ml. of serum) and 6 ml. of the 
standard containing 0.05 meq. Cl-. 

For urine and spinal fluid using a 0. 5 ml. samples and the T s of 2 ml. of standard. 

Notes: 

(TuiTS) X 4 

(TuiTs) X 40 

<TuiTs) x 142 

(T uiT s> x .234 

= meq. cl-1100 ml. sample 

: meq. cl-/liter 

= mg. Cl-. 100 m.l. 

= mg. NaCll100 ml. 

-The authors and others state that direct titration of serum gives results 1-3 meq. I 
liter higher than the filtrates and ascribe this effect to the adsorption of Cl- by the pre
clpltate. However, the protein present in serum does affect the titration and filtrates 
should be used, for the greatest precision. 
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1. llypodcrmlc needles as buret tips are not satisfactory slnee the mercuric ion 
reacts with the metal in the Up. 

2. In preparing the mercuric nitrate solution the amount of nitric acld specified 
should be used; otherwise the end point wlll not be sharp. 

3. Urine and Spinal Fluid: To 0.5 ml. urlnc or spinal fluid add.5.0 ml. 0.05 N 
HN03 and titrate as above. Cntculatlon as above except taking Into consideration the 
volume of urine or spinal fluid used. 

Chloride Method U. (Reference 4:) 

Principle: 
The chloride is precipitated by the addition of a measured amount of silver nitrate. 

The excess silver is then titrated with NH4CNS. T~ Indicator. used is ferric ammo
nium sulfate, which with excess thiocyanate gives the red color of Fe(CNS)

3
• 

Reagents: 
1. ·Silver nitrate - 5. 813 g. AgN03 diluted to 111ter with H20 (distilled). 

Preserve 1n brown bottle. 1 mi. : 2. 0 mg. NaCl. 
2. Ammonium thiocyanate -Dissolve 3 g. NH4SCN In 1llter distilled H2o. 

Standardiz~ against AgNOa., using the technique given under procedure and 
adjust so that 5 ml. : 5 ml_. AgN03• 

3. Ferric ammonium sulfate -solid. 
4. HN03 concentrated. 

Procedure: 
Serum: 
1. To 10.00 ml. of a tungstic acid filtrate of serum, add with stirring 5.00 ml. of 

sllver nitrate solution. Add 4 ml. concentrated HN03 , mix and allow to stand for five 
Diinutes In the dark. 

2. Add a few grains (about 0. 3 g.) of ferric ammonium sulfate and titrate to the 
first reddish-brown' endpolnl lasting ten to fifteen seconds. 

Spinal Fluid: 
1. To 1.00 ml. (or 0.5 ml.) spinal fluid, add 9 ml. H20 ahd 6.00 ml. AgN0

3 
solution, ~ dur~ the addition. Add 4 ml. concentrated HN03 , mix, add a 
few ·grains of solid ferric ammonium sulfate~ 

2. Allow to stand In the dark 5 minutes. 
3. Titrate with ammonium thiocyanate solution to the first lasting reddish brown 

color. 
Urine: 
1. Dilute urine 1:10 (1 ml. t 9 ml. H20). 
2. To 10.0 ml. of diluted urine add 6.00 ml. AgN03 and proceed as above under 

apinal fluid chloride. 

Calculations: 
If !. is the volume In ml. of NH4scN used In the back-titration: 

Then (5 - t) x 2 = mg. NaClln the sample. 
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(5-t) x 2/GS. 5 a rncq. Cl- in the sample and (6-t) x 2 x 35.5/68.5 = 
~ cl-/sarnple 

(5-t) x 2/58. 5 x 1000/0. 5 a meq, Cl-/liter (using a 0. 5 ml .. sampl~) 

Chloride Method m. (References 2 and 3) 

Principle: 
Serum, spinal fluid, and urines are deproteinized by the addition of the reagents 

of Somogyi (1945) Znso4 and Ba(OH)2 (see deproteinizing methods p. 79) and the filtrate 
is titrated with silver nitrate using dlchlorofluorqscein as an adsorption ind.f.cator. 
The precipitate AgCl with the first excess of Agf becomes an ion, (AgClAgf)which 
strongly adsorbs the indicator dichlorofluorescein,(yellow in solution) whi& tUrn.s to 
red on the solid phase. 

Reagents: 
1. Ba(OH) ·o.086 N. Prepare by dilution of 0.3 N Ba(OH) described under Method 

IV of deproteinlzing methods, (add 2 ml. to 5 ml. of ;ater). T*e Ba(OH)
2

is diluted at 
the time ·of use and kept protected from the co2 of the air. 

2. ZnSO 4 , 5% - described in deproteinizing methods. 
3. Standard NaCl - 1. 000 g. dried reagent NaClis dissolved up to 1000 ml. with 

water; 1 ml. = 1. 0 mg. NaCI. 
4. Silver nitrate 0.1 ~.· Weigh out exactly 8. 4945 g. reagent grade silver nitrate, 

transfer to a 500 ml. volumetric flaslc and dilute to 500 ml. Keep in a brown bottle in 
the dark. This may serve as the primary standard ~stead of the NaCl. 

6. Silver Nitrate 0. 02 ! . Prepared by dilution of the 0. 1 .!! solution and standard
ized against NaCl, using the technique described for blood filtrates under procedure. 

6.! Dic~l.orofluoroscein. 0. 05% in 70% ethyl alcohol. Weigh out (analytical balance} 
50 mg. tone mg. of dichlorofluoroscein (EKCo. #373) dissolved in a mixture of 
74 ml. of 95% ethyl alcohol and sufficient water to give 100 ml. (g1-adu..q,te). 

Procedure: 
1. Serum: 

Add 7. 0 ml. dilute n:t (OH) 2 solution to 1. 0 ml. of clear serum: then add 2. 0 ml. 
of Znso4 solution .• stopper and mix well by shaking. Centrifuge to pack precipitate well. 
Transfer 2. 0 ml. aliquots to 25 ml. Erlenmeyer flasks: add 1 drop of. indicator and 
tJ ' . 'te With 0. 02 1! AgN03 solution until the fh;st pink is seen through the entire solution. 

2. Spinal Fluid: 
0.5 ml. of clear spinal fluid is treated with 3.5 ml. of dilute Ba(OH)

2 
solution 

and 1. 0 ml. ZnSO 
4 

solution, 2. 0 ml. aliquots are titrated as described above. 
3. Urine: 

To 0. 2 ml. urine in a pyrex test tube are added 3 drops of 3% H2o 2 (chloride 
free). Heat tube in a boiling water bath for two minutes. Cool. Pipet into this tube 
3.5 ml. dilute Ba(OH)

2
: 1.0 ml. ZnS0

4 
and 2.0 ml. H2o. Mix well. Centrifuge and 

remove 3.0 ml. aliquots. 
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TAg = ml. Silver Nltrate(o. 02 N) 

Serum and Spinal Fluid: 

TAg X 0. 02 = meq. cl-/sample: meq x 35.5 :: mg. Cl
meq x 58.5 =mg. NaCl 

TAg x 0. 02 x 1000/0.2 = meq Cl-/liter of serum 

TAg X 100 : meq Cl-/liter 

Urine: 

TAg x 0. 02 x 6. 85/3.00 x 1000/0.2 meq. cl-/liter of urine 

TAg x 228.3 = meq Cl-/Uter of urine 

Chlorides Method IV. (Reference 6) 

.Principle: 
Silver iodate (insoluble) reacts with chloride in solution to form a precipitate of 

silver chloride and leaves iodate in solution. Nael .f Agi03 ~ Agel t Nai03. The 
iodate in solution which is stoichiometrically equivalent to the chlQrlde 1n the .sample 
used, is determined by adding potassium iodide in acid solution and titrating the lib
erated iodine with thiosulfate. For reagents , procedure, and calculations, see the 
original re'ference. 

Interpretation: 

See Electrolyte Balance in Appendix. 
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SWEAT ELECTROLYTES 

No special preparation of the patient is necessary. Wash the mid-back with dis
tilled water and dry. Do not touch this area with your fingers. With forceps place a 
three inch square gauze pad (Curity brand) in a stoppered Erlenmeyer flask and weigh 
on an analytical balance. Still using forceps, pln.ce the pad on the back and cover with 
a slightly larger piece of plastic sheeting. Tape the sheeting to the bac.k with eight 
strips of one inch adhesive tape - two strips of tape to each side of the sheeting. Place 
the, patient in a plastic suit which ha~ an elastic neck and a zipper in the front. Cover 
patient with one or two blankets. Note the time. At intervals note the amount of sweat 
condensed in the bag and if it appears sufficient remove patient from bag. The average 
collection time is 60 minutes (range- 15 minutes to 90 minutes). Remove the plastic 
sheeting. Then replace the sweat soaked gauze pad (use forceps) into the ~e stop
pered Erlenme:v,r flask arid reweigh. The difference between the two weights, the wet 
minus the dry, represents the amount of sweat collected. 

Procedure: 
Add 20 ml. of distilled water to the flask containing the sweat-soaked gauze pad. 

Allow the sweat and distilled water to become well mixed. Now place 5 ml. of this 
diluted sweat sample in an evaporating dish. Add 10 drops of diphenylcarbazone indi
cator. Titrate to end point with standardized mercuric nitrate solution in the usual 
manner. 

Sweat Chloride 

Calculation: 
If.! is the weight of sweat collected, then: 

Example: 

20 ml. I s 
s 

= dilution factor (F d) 

1000 
Sweat cl- (meq. /L) = rr uiT s> X c s X 5/F d 

Flask stopper, pad ane1 sweat 
Flask stopper and dry pad 
Sweat (s) 

20 I s = 21.4919 = F = 14.4 
s 1.4919 d 

53.2239 g. 
51.7320 g. 

1. 4919 g. 

Using 5 ml. of standarJ chloride and 5 ml. of diluted sweat: (cont.) 
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4 . 988 ml. 

0.63 ml. 

0. 05 mc·q. Cl-

Sweat Cl- : (0. 63/4. 988) x 0. 05 x 1000 • meq. /1. 
5/14.4 

: 0.1263 X 0.05 X 2880 

: 18. 2 meq. /liter 

R-eference-s: 
1. Darll'ng, R.C.: Am. J. Mccl. Sc., 225, 67 (1953). 
2. di Sant'Agnese, P. A.: Pediatrics, 12, 549 (1953). 
3. Schwach.man, H.: American Academy of Pediatrics, Oct. 5, 1954, Chicago. 
4. Schwachman, H.: Advances in Pediatrics, Vol. VU, 249-323, 1955. 

Mucoviscidosis accounts for almost all cases of pancreatic insufficiency In chil
dren. The incidence in the population of the United States is between lin 600 and 1 in 
10,000 live births, with a probable average incidence of 1 in 2, 500. It is a famlllal 
disease displaying the characteristics of a mendelian recessive gene. Both parents 
must be carriers of the trait. In an affected family, the disease may occur in approx
imately 25% of the offspring, and two-thirds of the non-affected children m~ be 
carriers. Most patients with this disease have manifestations before 6 or 8 months 
of age. 

The measurement of the sodium and chloride concentration in body sweat is a 
well established diagnostic proced_ure in the study of patients suspected ·of having 
Mucoviscidosis (cystic fibrosis of the pancreas). The salt concentration runs two to 
four times as high as that seen in a control group. This change is independent of the 
pulmonary or pancreatic process, and has no association with renal, adrenal, or 
gastrointestinal tract dysfunction. The excessive salt loss readily explains the all
normally hlgh incidence of heat prostration in children with mucoviscidosis. 

A value of sodium above 80 meq. /L of sweat or a value of chloride above 10 meq. /L 
of sweat is (·! ,a racteristlc of the disease. A small percentage of parents and apparently 
well sibling[; of affected children will show such an elevation. The absence of percep
tible sweating in the neonatal period makes this test invalid during the first th~-e to 
five weeks of life. 

Potassium content of sweat in patients with mucoviscidosis is alsC11aereased but 
is not sufficiently abnormal to be of any diagnostic value. 
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Reference.!.: 

CHOLESTEROL AND BSTERS 
Serum 

1. Bloor, W. R. ud Knudson, A., J. Blol. Chem., !!• 107 (1818) 
2. Bloor, W.R. and Pelhan, K.F., Allen, D.M., J. Biol. Chem., .§!, 181 (1922) 
a. 8anheimer, R., aad Sperry, W. M., J. Bioi. Cbem., 108, 74& (1134) 
4, Sperry, W. M. ud Webb, M., J. Blol. CJ•m., .!!!.• t'l (1110) 
I. Carr, 1.1., ud Dretder, I.J., Clla. CMm., !• IU (ltH) 

l!l!thot! J (Refcreaaee 1) 

Prfllclphu 
8enam 18 added to a mixture of aleobol and et.Mr, wlalela extract. tile .._... aad 

......... te. tile protela. 

Total Cboleaterol 
Aa aliquot of the aleobol-ether extraet 11 evaporated to drfuu, tile eiM»Ieaterol 

Ia tbe reetdue 11 elllracted w!th chloroform, aad color 11 developeclt., the Uebei'IIWID
Burehard reacttoa. Equ.tmnlecular amoUDtl of free and eater cholesterol pve tdenUeal 
amoUDts of color tf the determination Is made at 26°C. and the color la read at 4& mtn
utea. 

Cholesterol Esters 
Digitonin is added to the alcohql-ether extract of •rum, preclpltatma free 

cholesterol as the dlgltonide, The dlgltonlde Ia lasoluble lD petroleum ether aad re
malDB behind while the eaters are extracted With thle solvent. The petroleum ether 
la then evaporated to dryness. The cholesterol esters 1n this resldue are extracted 
toto chloroform and the color developed as .above. 
Reasents: 

The solvents mentioned may be satisfactory for use without dlsUllaUon. Tlala may 
be determined by repeated experimental determination of the slope ud ahape olthe 
standard density va. concentration (D/C) curve, ud should lnclude a deutty va. ttme 
curve also. Jf a solvent requires purllleatlon, tt should be redistilled. 

1. Aleohol-(et~l) 96%. 
2. Etber-(diethylether). 
3. Alcohol-ether, Three parts of 96%alcohol plus 1 part of ether (by volume). 
4. Chloroform - may be used without redistlllaUon but should be stored over a

hydrous sodium carbonate to keep It dry and neutral ln reaction. 
· 6 . . Acetic anhydride reagent. In a dry contalner. place 10 ml. of glaelalaceUc 

acid. and 20 ml. acetic anhydride. Cool well in an lee water bath aad add 2 ml. of 
lee cold concentrated sulfuric acid. Mlx well. Allow to warm to room temperature 
before use. 

8. Cholesterol standard solutions: Diaaoive 40.0 mgm. cholesterol up to 600 ml. 
with alcohol-ether mixture . Keep tightly atop~red in a glass stoppered bottle. Pre
pare new standard monthly. 10 ml. = 0. 8 mg. of cholesterol. 
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7. Petroleum ether (Ree page 151). 
8. Digitonin - 1% solution in 95% ethyl alcohol. Digitonin dissolves slowly and may 

require heating ln a water bath. 

Procedure: 
Note: All apparatus must be dry . 

Preparation of protein-free lipid filtrate: In a 50-ml. volumetric flask place about 
25 ml. alcohol-ether mixture. Add slowly wlth shaking, 2.0 ml. serum. Heat mixture 
to bolllng in a waterbath, (no flame). Cool to room temperature. Dilute to volume with 
alcohol-ether. Mix. Filter through Wbatman 143 filter paper (or other fat-free filter 
paper), into a glass-stoppered bottle, avotdtng evaporation of solveat .• 

Total Cholesterol: 
1. Transfer 10. 0 m:l. of filtrate to a 100 ml. beaker. Evt.'fiOftte juat t10 dryness, 

us(ng a gentle (l) air current if desired, dry under infra-red lamp 10 mtnutes. 
2. Extract the residue, first with 3 ml. ~hen with 2 ml. four times with chloro

form (3,2,2,2,2,). Each time rinse down the sides, cover with a watch glass, boil 
until a drop of condensed CHC13 drops from the watch glass, using a hot plate set at 
gentle heat (or a waterbath). 

3. Filter each extract through a funnel ~ith a bit of fat-free cotton in the st~m, 
into a glass stoppered test tube graduated at 10: 0 ml. 

4. Cool acd dilute carefully to volume with chloroform. 
5. Carry 10.0 ml. of the cholesterol standard through the determination in the 

same way. 
6. Immerse standard and unknown cliolesterol solutions In a water bath at 25°C. 

for 10 minutes. 
7. Add to each, 3. 0 ml. of acetic anhydride-sulfuric acid reagent, stopper and 

mix. Replace in water bath and read at exactly 45 minutes after the addition of the re
agent. 

8. Set the photometer at 100 with chloroform (not water). Transfer the colored 
solution to a photometer tube and read using filter 640 (or 620) or a spectrophotometer 
set at 625 mu. (Care should be take- to avoid introduction of water.) 

Cholesterol Esters: 
1. Into a 50 ml. beaker, place aboul 10 mg. of digitonin and dissolve with heat

ing in 1-2 ml. of alcohol, (or use 1 ml. of 1.0% alcoholic digitonin). 
2. Add with a pipet 15 ml. of alcohol-ether extract of serum (prepared as above). 

Mix with the digitonin solution. Evaporate jodt to dryness using a gentle -air current 
and gentle heat. Do not· overheat. Place the flask under the infra-red lamp for ten min
utes. 

3. Add 15 ml. petroleum ether, cover with a watch glass. Boil on hot plate . . (No 
flames near! No sparking contact!) untill • .all the volume remains. Pour through cotton 
into a 100 ml. beaker as in total cholest~n.l •~nd rc·--:.:Atract with 8 ml.. boll to 1/2 
volume and filter, repeat with 6 ml. then wlt:t 4 ml. and aga1u with 4 ml. (16,8,6,4,4) 
Some workers prefer using (15,12,10,8,6). 
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4. Evaporate the extracts just to dryness, heat under infra-red lamp 10 min. 
and proceed as for total cholesterol, extracting repeatedly, using chloroform (3, 2, 
2, 2, 2). 

6. Proceed with dilution, cooling, color development, etc. as in total choles
terol using the same standard. 

Ca leu latlon: 
To~l Cholesterol: 

or 

t::holesterol Esters: 

IDte rpretatlon; 

~u x0.8 x ~ 1 Ds 0 . 4 • mg. cholesterol · 100 ml. serum. 

~ X 200 • mg,«J, 
D s 

or 

~ x 0. 8 x 100 = mg. cholesterol esters/100 ml. serum 
D

8 
0.8 

~u x 133 : mg.% cholesterol e~ters. 
o. 

Normal values of total cholesterol range from 160-360 mg.%. Normal esters ue 
80-'16% of total. 

Total cholesterol is Increased ln diabetes mellltus with lipemia, nephrttta, obstrue
tlon of bile ducts. %ester decreases ln liver diseases . In thyroid diseases cholesterol 
varies Inversely with the B.M.R • 

. Method D (References 3 and 4) 

Principle: 
Serum proteins are precipitated and lipids are extracted by means of an alcohol

acetone mixture. Free cholesterol is precipitated by the use of digitonin without aapoa
iftcation and the total cholesterol is precipitated by digitonin after saponlflcatlOD.· The 
separated and washed dlgitonldes are then determined by the Liebermann-Burchard 
reaction, after being dissolved in glacial acetic acid. 

Reagents: 
1. Acetone-alcohol mixture . Mix equal volumes of acetone and 96% ethyl alcohol. 
2. Acetone-ether mixture. Mix 1 volume of acetone with 2 volumes of ether (anes-

thesia ether may be used). 
3, Et~l ether-analytical reagent or anesthesia ether may be used. 
4. Glacial acetic acid. 
6. Digitonin, 0. 5% solution in 50% ethanol. Dissolve 500 mg. of digitonin In 100 ml. 

"'the alcohol at 60° C. 50% ethanol is prepared by mixing 55 ml. of 95'1, alcohol and 
45 ml. of distilled water. 
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6. Potassium hydroxide 3:,%. Dissolve 10 g. KOH In 20 ml. dlstUJed water. Store 
ln a bottle with a dropping pipet wlth rubber bulb. 

7. Phenolphthalein. 1% in 95% ethanol. 
8. Acetic acid 10%. Dilute 10 rol. of glacial acetic acid to 100 ml. with water. 
9. Concentrated sulfuric acid-analytical grade. 

10 . Acetic anhydride. 
11. Acetic anhydride-sulfuric acid reagent. Place an amount of acetic anhydride 

sufficient for the number of samples to be read in a glass-stoppered flask and chill 1n 
an lee bath. With the flask stlllin the lee bath; add concentrated sulfarlc aeld 1n the 
proportion of 1 ml. to 20 ml. of the acetic a:ilhydride with agltaUoa. lllsert the stopper. 
and remove the flask from the bath. shake vigorously for a few moments and return to 
the ice bath. 

12. Cholesterol stock standard. Dissolve 100 mg. (BDalytical balance) of cholesterol 
in glacial acet~c acid and make up to 100 ml. wlth add. 

13. Cholesterol work1ng standard. Dilute 10 ml. of the stock standard with glacial 
acetic acid up to 100 ml. This contains 0. 1 mg. cholesterol per ml. of solution. 

Procedure: 
Lipid Extraction and Deprotein1zatlon. 

1. Add 1. 00 ml. of serum. plasma. or blood • dropwlse. with constant shaking. to 
about 10 ml. of alcohol-acetone mixture in a 25-J!nl. volumetric flask. glass-stoppered. 

2. Heat carefully ln a boiling water bath. with shaking. just to the bollfng point. 
Remove fr.om the boiling water bath, but continue shaking for 30 to 60 seconds. 

3. Cool to room temperature, make up to volume with alcohol-acetone mixture. 
Insert the stopper and mix thoroughly. 

4. Filter through a fat-free filter paper (Whatman #43) into a large dry test tube. 
Keep the funnel covered with a watch-glass to avoid loss by evaporation. 

Free Cholesterol Isolation 

1. Pipet 7. 00 ml. of the filtrate into a heavy-wall conical centrifuge tube. Add 
3. 5 ml. of digitonin solution and 2 drops of acetic acid 10% and stir well with a thin 
glass rod. Leave the rod in the tube and allow to stand in a closed jar overnight, at 
room temperature. 

2. In the morning, transfer the tube to a rack, stir the contents gently to free pre
cipitate adhering to the wall near the surface of the liquid. Remove the rod and "flle" it. 

3. Centrifuge the tube at high speed (2500 rpm) for 10-15 minutes to pack the pre
cipitate so that the supernatant c.an be decanted without loss of solid material. 

4. Decant the supernatant with a slow steady motion watching closely to ensure that 
no loss of solid material occurs. If any loss occurs the sample must be discarded and 
the determination repeated. 

5. Drain the tube in a vertical position for a few moments, remove the last drop by 
a clean cloth or paper. Return the rod to the tube, wash down the wall of the tube and 
the rod with 5 ml. of alcohol-acetone mixture and stir the precipitate thoroughly. Re
move and "file" the rod and centrifuge the tube for 5 minutes. Decant the supernatant. 
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6. Wash twice more in the same manner with ether. Return the rod to the tube. 
The tube and its contenta may bo stored for several days at this stage, U color develop
ment is to be carried out immediately, the ether should be removed from tho pre
cipitate by placing the tube 1n a moderately warm water bath for a few minutes. 

Precipitation of Total Cholesterol 

1. Pipet 3. 00 ml. of filtrate into a heavy-wall conical centrifuge tube, Add 3 drops 
of 33% KOH and stir with a thin glass rod until all droplets of the alkali have dtsappeareci 
especially at the tip o! the tube. 

2. Incubate at 38°C. for 30 minutes. Add alcohol-acetone to the 6 ml. mark, add 
1 drop of phenolphthalein and titrate with acetic acid 10% until the pink color disappears. 
Add one more drop of n~etic acid and 3, 0 ml. of digitonin solution, stir well with the 
glass rod and allow to stand overnight as above under free cholesterol. 

3. Th_e sample is washed as above under free cholesterol except that the precipitate 
is washed with ether only once. 

Development and Reading of the Color 

1. Add 2. 00 ml. glacial acetic acid and dissolve by the aid of heat (boiling water 
bath) and stir with the glass rod. 

2. Prepare similar tubes for standard and blank by pipetting 2. 00 ml. of glacial 
acetic acid (blank) and 2. 00 ml. of cholesterol working standard (standard) into conical 
centrifuge tubes (heavy walled). 

3 . . Transfer the tubes to a water bath at 26°C. out of contact with direct sunlight~ 
When the tubes are at 25°C. add to each in succession 4. 00 ml. of the acetic anhy
dride-sulfuric acid mixture, mix well with the glass rod and stand in the 25°C. water 
bath for exactly 30 minutes. 

4. ·Adjust the photometel' to 100% transmittance at a wavelength of 625 mu with the 
blank tube and read each tube in order ~0-31 minutes nfter the addition of the color 
reagent. The same photometer tube may be used for each reading without rinsing if 
the tube is well drained between readings. 

Calculation: 

A. Free Cholesterol 

<Du/Ds) x 0. 2 x 100/(7/25) =mg. free cholesterol per 100 ml. serum. 

(Du/D
8

) x 71.4 :mg. free cholesterol per 100 ml. serum. 

B. Total Cholesterol 

(Du/D s> x 0. 2 x 100 I (3/25) = mg. total cholesterol ner 100 ml. serum 

(Du/D 
8

) x 166. 7 =mg. total cholesterol/100 ml. serum 
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Note: 
If tltc amount of serum is limited, the following modification may be used: About 

2 ml. of acetone-ethnnol are placed in a graduated conical heavy-walled centrifuge tube 
and 0. 2 ml. of serum is added slowly ln such a way that it runs down the wall of the 
flask and forms a layer tmder the solvent. The contents are immediately mixed thor
oughly with a swirling motion. The solvent is brought just to the boil on a steam bath, 
and the tube is then cooled, and acetone-ethanol added to the 5. 00 ml. mark. The 
suspension is thoroughly mixed and filtered into a small teat tube through a fat-free 
filter. Two ml. of the filtrate are taken for free cholesterol and 1 ml. is taken for 
total cholesterol with the other reagents r~duced approximately in proportion but with 
the technique remaining the same. Color development and reading are carried out as 
described above. 

Allowable variations in the procedure (Reference 4): 

1. The proportion of serum volume to extract volume may be decreased to compen
sate for exceptionally high cholesterol concentrations, but not increased. 

2. The volume of extract in which precipitation is carried out may be varied at will, 
provided that 1 drop of alkali solution per 1 ml. of the extract is added in the determina
tion of total cholesterol, and that 1 ml. of digitonin solution is added for each 2 ml. of 
acetone-ethanol. 

3. The volume in which color is developed may be varied without reference to the 
volume in which precipitation was carried out, provided that 2 ml. of the acetic anhy
dride-sulfuric acid reagent are added for each 1 ml. of acetic acid. 

A simple rapid procedure for the determination of total cholesterol is given by 
Carr and Drekter in Reference 5. It however, offers little or no advantage over the 
method of Schoenheimer and Sperry for the determination of free cholesterol. 

Purification of Petroleum Ether- Procedure: 

1. Petroleum ether must stand over H2so4 for at least two weeks. 
2 . Pour petroleum ether from bottle (being extremely careful not to get any 

acid C?Ver) and neutralize using 10% NaOH. Check pH with red and blue litmus 
paper. Discard acid. 

3. Siphon off the layer of NaOH (bottom). 
4. Wash petroleum ether 3 times with distilled water, siphoning off H2o each time . 
5. Dry with approximately 200 g. Na2co3. 
6. Filter through 12 inch filter paper into flask for redistlllation. 
1. ponnect apparatus and redistill, Uf;lng hot plate not flame. 
8. Discard first 50-100 ml. 
9. Check temperature during distillation. 30 60°C. 
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Refel'e'nt'e: 

CONGO RED TEST 
Serum 

Paunz.. L. .. Magyar Orvosl Arch. 25, 499 (1924). Chem. Abstr. !2,, 1009 (1925) 

Principle: 
In amyioidosls (deposition 1n varl()UIJ U.asue·s of a protein giving a reddish iodine test) 

conge» red rapldJy disappears !r.om the Mood. T.a this condition 60;..100% wUl disappear 1n 
one hour; normally 15-30% disappears. ADJ9loidosis occurs 1n patients suffering from a 
long-standing suppurative (pus-form4q1 process a~ also idiopathically. 

Apparatus: 
Colorimeter or Photometer. 

Reagents: 
1. 1% Congo red in water (sterile for injection) 
2 . Acetone 

Procedure: 
1. Inject intravenously for each 50 kg. of body weight, 6 ml. of 1. O% congo red. 

Four minutes later collect 10 ml. of blood; 1 hr. after inJection c91lect 10 ml. of blood. 
2. Allow blood to clot, centrifuge, remove the serum. 
3. To a measured volume of serum add 2 volumes of acetone. Shake well and centri

fuge while sto.ppered. 
4. Remove supernatant fluids and compare 1n colorimerer, or measure optical den

aity against a blank of 67% acetone. 

Calculation: 

A. Colorimetric 

Depth of 4 mlnute specimen x 100· = % dye remafntng in the plasma 
Depth of 1 hour specimen 

100- pu cent in plasma :%.absorbed 

B. Pbotomelrt(: (515 mv) 

R 1 hour x 100 = 1- dye ntaiDed m plasma 
D 4 min. 

Example : 0• 052 x 100 = 25% retenttAA 
0.204 

100 - 25 = 75% absorbed 
Interpretation: 

See pr1nc1plet .. The urine may confaln large amounts of the dye tq. a ij~d Dephrosis. 
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CREATININE (and CREATINE) -Serum and Urine 

References: 
1. Taussky, H. H., J. Blol. Chem., 208, 853 (1954) 
2. Clark, L. C. , and Thompson, H. L., Anal. Chem. 21, 1218 (1949) 
3. Ldken, F., Scand. J. Clin. Lab. Invest. 6, 325 (1954) 
4. Van Pilsum, J.F., and Bovis, M., Clin. Chem. _!, 90 (196'1) 

Principle: 
Creatinine reacts with alkaline picrate solution to give a red color - the so'":' 

called Jam~ reaction. This reaction ls not spec1llc for creatinine and other substances 
In blood, especially In the red blood cell also give a red color. However. the total 
chromogen expressed as creatinine is commonly used for clinical purposes, and a 
simple determination for both creatinine and its precursor creatine is given in Method L 
Method U is more specific for creatinine and Is recommended for the determination of 
creatinine clearances. 

Method I (References 1 and 2) 

Reagents : 
1. Picric acid 0.040 f:i. Weigh out 9.18 g. of high grade analytical reagent picric 

acid, dissolve with stirring ln about 900 ml. distilled water and dilute to 1000 ml. 
2. Sodium hydroxide 0.'15 ~· Dilute 30 ml. of 2.6 H.NaOH up to 100 ml. wlth 

distilled water. 
3. Creatinine stock standard. Dissolve 1. 0000 IJ• pure dry creatinine (not the 

zinc salt) In 0 . 1 N HCl and make up to 1000 ml. with the acid. This solution Ia stable 
alln.ost indeflnltely. 1.610 g. creatinine - ZnCl2 may be used. 

4. Creat~e working standard. Dilute 1. 00 ml. of stock standard up to 100 ml. 
with water. Mix welL Each ml. contains 0. 01 mg. creatlntne. 

6. Sodium tungstate, 6%. Dissolve &.0 I· Na2wo4·aa2o in water and make up 
to 100 ml. 

8. Sulfuric acid 0.81 t!· Seep. 30. 

Procedure: 
Urine: 
17 Dilute 6. 00 ml. of urine to 600 ml. In a volumetric flask. Mix well. 

2. Pipet 6. 00 ml. of the diluted urine Into a test tube and add 2. 00 ml. of 0. 04 ~ 
picric acid an4 2. QO ml. of 0. '151f NaOH. Mix well. 

3. Treat 6. 00 ml. of distllled water and 6. 00 ml. of standard creatinine (worldng) 
ln the samf' ·..,ay. 

4. Allow to stand for 15 minutes and read photometrically within the next 30 min
utes, using 615 mu. 
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Serum 
1. Dilute 2.00 ml. of plasma or serum with 2.00 ml. of distilled water, add 2.00 

ml. of 5% sodium tungstate and 2. 00 ml. of 0. 67 !! oulfuric acid, adding the latter drop
wise with shaking. Allow to stand for ten minutes, shake again and !Uter. 

2. Pipet S. 00 ml. of filtrate into a test tube, add 3. 00 ml. of dlsttlled water. 
Then add 2. 00 ml. of picric acid 0. 04 Nand 2. 00 ml. 0. 76 N ~iaOH. Mix well. Allow 
to stand 15 minutes and compare photo;etrically with a blank consisting of 2. 00 ml. 
of disUlled water and a standard consisUng of 2. oo ml. of creatinine standard carried 
through all steps as given above (including Step 1), using 616 mu. 

Calculation: 
~I 

Serum: 

Principle: 

(Du/D8 ) x 0.06 x 100/0.06 = mg. ereattnine/100 ml. urlne 

<Du/D1) x iooo : mg. creatinine per liter of urine. 

(Du/D1) x 0.02 x 100/2 1: mg. creattnlne/100 ml. serum 

(DJD8 ) : mg. creatf.nf..ne/100 ml. serum 

Method U (References 3 and 4) 

A trichloroacetic acid protein-free filtrate of serum 1o treated with Lloyd'• 
reagent (a form of hydrated aluminum slUcate) which adsorbs the creatlntne, but not 
other picrate chromogens of serum. The creatlnine is then ·eluted and the color devel
oped by alkaline picrate solution. 

Reagents: 
1. Trichloroacetic acid 1 ~· Weigh out 16. 3 g. reagent grade CC13·COOH in a 

beaker, add 100 ml. distilled water and dissolve without heat. 
2. Lloyd's reagent- each new bottle should be tested for its abUlty to adsorb 

creatinine. 
3. 0. 04 ~picric acid. A saturated solution of picric acid is prepared by adding 

about 16 g. of picric acid to one lite r of water in a 2 L. flask. When heated to about 
80°C. complete solution takes place. Cool to room temperature (some acid will cry
stallize out). Dllute about 690 ml. of this saturated solution to one liter and titrate 
with 0. 1 ~ NaOH using phenolphthalein aa an indicator. The strength ls then adjusted 
to between 0. 0395 ~and 0. 0405 B· 

4. Sodium hydroxide 0.15 !!· Dilute 6 ml. of 2. 5 ~ NaOH (see solutions p. 28). 
up to 100 ml. with distilled water. Titrate with standard HCl solution and adjust to 
between 0.148 N to 0.162 ~· 

5. Alkaline picrate reagent. Just before use , mix -'0. 0 ml. of 0. 04 B picric 
acid and 60.0 mL of 0.15 N NaOH. 
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8. Crcl\tlntne-stock standard. DtlffiOlvc 1. ooop g. pure dry creatlnlne In approx
lml\te ly 0. 1 N IICI n.nd dlluto to the mark ln a 1 liter volumetric flask usf.Dg the same 
acld. 1. 610 g. crcnttnlnc-~ncl2 may bel used. 

'1. Crcatlnlne-worklnsc standard. Dilute 2. 00 ml. of stock standard to 100 Dll. 
wlth water. Mlx well. 3.5 ml. contains 0.0'1 mg. (70 ug.). 5 ug./ml. wlll be the 
c:oncentraUon ln the flnnl colored solution. 

Procedure: 
A. Deprotelnlzntlon. To 3.5 ml. serum add 3 . 5 ml. H 0 and 'l.O ml. 1 N 

cct3 ·COOH. Stopper. Shake vigorously , and allow to st.andi:o minutes, aga~shake 
vigorously, and centrifuge for 10 minutes or untll the precipitate l s well packed. Treat 
3. 6 ml. of water and 3. 6 ml. of dilute working standard similarly at the same time. 

B. Adsorption. To a test tube containing 200 tng. Lloyd's reagent transfer 10 ml. 
of supernatant (by use of cotton-Upped pipet). Stopper , and gently mix the contents of 
the tube once each minute for 10 minutes. Centrifuge and decant the supernatant and 
Allow to drain 3-4 minutes. Discard the supernatant. 

C. Elution and color development. Add 10.0 ml. of the alkaline picrate reagent, 
mlx thoroughly by shaking, and gently mix once each 2 minutes for 10 minutes. Centri
fuge and transfer sufficient of the supernatant for photometric comparison to cuvets 
(using a pipet) . After another 30 minutes compare photometrically against the water 
blank and the standard using a spectrophotometer set at 515 mu. 

~: 
Dilute 6. 00 ml. urine to 500 ml. in a volumetric flask. Mix well. Follow proce-

dure as given under serum abave1 steps A., B •• and C. 

palculatlon: 
Serum: 

VriDe: 

(D /D ) x 0.05 x 100/2.5 : mg. creatlnine/100 ml. aerum u 8 

CDuiDs> x 2 : mg. creatinine/100 ml. serum 

CDu/D
1

) x 0.01 x 100/0.011 : tDI· ereatlnlne/100 ml. urtae 

(DuiD1) JC 200 • .q. ~reatbtlne/100 ml. uriJie 
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Principle: 

OlttATJNI 
UriDe ud SeruM 

Creatine in tbe urine ls converted to ereathlble by a.attaa ill the preaeaee oi actd. 
After heating the total creat.ln.lne is determined u ahcne. The dtlferace betweea total 
creatJ.nlne and pre-formed creatinine gives the nlue lor enatma. 

Reagents: 
· AI for the determination of ereatt.ntne (Method I). 

Procedure: 
~~ 

1. Pipet 8. 00 ml. of d.Uuted (1:100) urine late a •• W. a&Ubrat.cl at 10. to ml. 
J. Add 1. 00 ml. 0.04! plertc aeld. 
3. Place the teat tube tn a boll.tng water bath for fe!V-ftft atutea. 
4. At the same time treat a blank conalat.hlc Gf I. H at. ol 4btWecl wat.r aad a 

atandard consisting of 8. 00 ml. of working ataadard ta U. ... WilY. 
&. Cool to room temperature after forf1-fln • ....,.,, AM aaot.her 1.H ml. 

JJlcrlc acid to each tube and mix well. Then add 1. 01 at. 1. fl M JfaOH. add dl.Ulled 
water to the 10 ml. mark, mJx well. Allow to Dad t.r 11 •S.atea lad reacl wtthia the 
next 30 mJnutes. 

Serum: 
Treat a mixture of 3. 00 ml. of 1:4 acid flltrUe (Me lletbod I) ud I. to ml. of 

dlat.Uled water u ouWned above. 

Calculation: 
.U under CreatlD.lne (Method J) 
Total creatlnlne .. preformed creatlnlne : c...U. (u enaUatae). 

Ore~lne (as creattnlne) x 1.169 • ereatlDe 
For a somewhat more elaborate procedure for elhntu.U., aca-.pec:Ule chromo

gen Interference in both urlDe and serum see Tau.q, H. H •• CUatca Ch111liea Acta. 
!· 310 (1968). 

Interpretation: 
Urine: 
c;eatlne phosphate in the muscle serves u a reMrvolr lor hich eDel'lf phosphate. 

During muscle contraction creatine-phosphate Ia broken doWD to creatine ad phosphate. 
Creattnlne Is derived from creatJne at a very steady rate which ls UD.laflueaced by most 
metabolic changes. Creatinine Is a waste product ud Is found In the' ur1De hl amounts 
which are very constaJJt from day to· day for any pTea md.lvtddal. Tbe D.Ormal da.l1,y url
na.ry excretion Is between 1 and 2 grams, higher In mea thaa In womm. 

The normal creatine excretion Is very low or completely absent, except In chlldrea 
and In women In pregnancy and for a short time after delivery. TausskiJ (1) found from 
0 to 600 mg. creatine excreted per 24 hours. 
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Creatinine excretion changes very little with disease, except in very severe 
kidney dysfunction. 

Creatine excretion may Increase in muscular disorder such as myasthenia 
gravis, muscular dystrophies, etc. Any rapid decrease in the musCle mass may con
tribute to an elevated urinary creatine. 

Serum: 
By Method I., serum creaUnine valuos between 1 and 2 mg. per 100 ml. are 

found. By Method n. , rather leas, 0. 7 to i. 4 mg. /100 ml. are found. This is a 
reflection of the fact that some of the Jaffe positive material In plasma is not crea
tinine but substances giving the same colot~. In the red blood cell, almost half of the 
chromogenic material is non-creatinine ln nature. 

Most of the creatine Is found in the cells; whole blood creatine being from 2 to 
7 mg. %normally; and plasma creatine is well under 1 mg.%. 

Plasma creatinine increases in renal disease, somewhat later than does urea. 
More than 5 mg.% in a chronic nephritis indicates a poor prognosis. Acute renal 
syndromes may show much higher creatinine values and still have a good recovery. 
Plasma creatine determinations have been little used. There is some evidence that 
creatine levels a.re Increased in hyperthyroldia~. 

Creatinine clearance studies have been widely u..eed as a measure of J[lomerular 
filtration rate. In dogs inulin and creatinine clearance studies give identical results. 
In man, with normal plasma creatinine levels, this 11 approximately true, but with 
elevated plasma levels, the creatinine clearance does not represent Jlomerular fil
tration alone, since some tubular excretion la taking place. 
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References: 

ESTERASE (TRIDUTYRINABE) 
Serum 

1. Goldstein, N. P., Epstein, J. H •.• and Roe, J. H., 
J. Lab. & Clin. Med. 33, 1047 (1948), 

2. Alper, C. , Standard Methods of C Unlcal Chemistry !• '71 (1953) . 
3. See also references under Lipase -Serum 

Principle: 
Esterase of senl.m Is allowed to catalyze the eydrolysls of the eater bond in tribu

tyrin (glyceryl tributyrate). The acid liberated is quantitatively estimated by Utr&UOD 
with standard alkali. 

Reagents: 
1. Calcium acetate solution 2%. 
2. Sodium diethylbarblturate solution 0. 6%. 
3 . Sodium choleate,solld. 
4. Tween 20. 
5. Methocel (15 centipoise) 
6. Tributyrin, c. p. This may be purified by neutrallztnc with IOdlum bicarbonate, 

washing with distilled water and dlstllllng under reduced prP.aaure. 
7. Esterase substrate. 

Add 250 tnl. 2% (w/v) calcium acetate solution to 2&0 tnl. 0. 51 (w/Y) aodlum 
dleteylbarbiturate solution. Add to this mixture, e. 7 mg. sodium choleate, whlle beat
mg in the Waring blender. Add o. 26 ml. Tween 20, and 0. & I· Methocel. Continue 
beating and add 6. 26 ml. tributyrin dropwiee from a buret. Mix by beatmg s. & mtnute1. 
Adjust by NaOH to pH 8. 66. Store 1n refrigerator. Th18 emulBion Bbould be aood for 
at least 14 days. 

8. Ethanol-ether 9:1. Add 100 ml. of a dleti\Yl ether to tOO ml. ol 151 ethanol. 
Mix well. 

9. Alkali 0.06 !J. Either sodium or potassium h)'droxlde 1QJ be uNCI. 

Procedure: 
1. Measure 20 ml. portions of esterase IUbatrate mto each of two larp teat tube•. 

Warm the tubes to 37°0. 1n a water bath. 
2. Add 1. 0 Dil • . of serum to one tube, mix well ad tacub&te both tube• at IT0 c. for 

1 hour. 
3. At the end of the 1-hour incubation period, ·add 1.0 ml. of eerum to the control 

tUbe and immediately pour the contents of each tube into a 100 Dil. beaker, ad tru•
fer completely by rinamg each tube with 50 ml. of 1:1 alcohol ether mixture. Mix well 
with a 1lasa stirrmg rod. 

4. Titrate the mixture with 0. 0& H alkaU to a dlatlllct pink with phenolphthale!Q 
as the Indicator. if a pH meter 1a used, titrate to pH 10.81. 



Calculation: 
See Lipase , p. 208 • 

. Inte rpretatlon: 
There are present in human aera n oumbet· of enzymes capable of splitting the 

ester bond which have been classified a1:1 Iollnws: 
1. Cholinesterase& 

a. True acetylcholinesterase 
This enzyme is fo\md in large quantities in brain and In erythrocytes. It 11 

lnhlbtted by relatively low concentration of eserine and by relatively low concentration 
of substrate. 

b. Pseudo-cholinesterase& 
These are found in tissue and tn serum. They are characterized by the high 

concentration of eserine and of choltne-elter substn.t,e required for inhlbitlon. The 
esterase measured by the procedure described above falla into this cla11. 

2. AU-esterases (simple eateraae) 
These are enzymes catalyzlna the 1\vdrolysla of e1ter1 of low molecular weight 

fatty acids and differing from pseudo-cholinesterases In that they are not inhlblted by 
eserine. 

3. Lipase& 
These are enzymes catalyztna the 1\Ydrolysls of elltera of hiah molecular weight 

fatty acids - such as olive oil, etc. 
4. Sterol esterases 

These are enzymes catalyzing the f\ydrolyais of (e.J.) cholesterol esters. 

The variations with disease of these various types of esterase• have not been well 
studied. The following gives a pneral outline of the data obtained. 

1. Pancreatic disease -In acute exacerbations of chronlc relapsing pancreatitis, 
In acute pancreatitis. and in obstructive pancreatic duct lesions, the 1!2!!! 11 elevated, 
the esterase is normal. 

2. Liver disease -In some types of toxic liver disease there~ be decreased 
serum amylase and llpase but increased pseudochollneateraee. In moderate and severe 
cirrhosis. the levels are below normal. 
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lteferences: 

ESTROGENS 
Urine 

Anker, Rudolph M. : Determination of estrogens In stored urlnes of pregnancy, 
J. Clin. Endo. ll ~etab. 15, 210-21-i (1955). 

Bachman, Carl, Pettit, Dorothy B.: Photometric determination of estrogens. 
m. A procedure for the estimation of the et:~trogen11 of pregnancy urine, J. Biol. 
Chem. 13f!, 689-.70-i (1941). 

Principle: 
A 100 ml. aliquot of a 24-hour urine specimen is taken for assay. The determina

tion comprises (a) hydro]ysis of the water-soluble conjugates in urine; (b) extraction 
of the steroid moieties and their separation by their partition between solvents; and (c) 
spectrophotometric estimation of the color developed by sulfuric add-ethanol reagent. 

Reagents: 
1. Ethyl ether: absolute, peroxide-free. 
2. Hydrochloric acid: concentrated, reagent grade. 
3, 9% sodium bicarbonate: 9 g. reagent grade NaHco

3 
in 91 ml. of distilled 

water. 
-i. 9% sodium carbonate: 9 g. of reagent grade, anlJtdrous, sodium carbonate in 

91 ml. of distilled water. 
G. Benzene: reagent grade. 
8. 1 ~sodium hydroxide: 20 g. of the reagent grade pellets of NaOH are dis

solved in 500 ml. of distUled water. 
'1. 45% sulfuric acid: 90 ml. concentrated, reagent grade ac1e11s careful]y added 

to 110 ml. of distilled water and cooled to room temperature. 
8. Ethanol: absolute, dehydrated, reagent of NF grade. 
9. Color reagent A: Carefully and slowly add 80 ml. of concentrated sulfuric acid 

to 20 ml. absolute ethanol •. Cool to room temperature and store ln refrigerator. Thla 
reagent is good for a days 0 

10. Color reagent B: carefull,y add 80 ml. of concentrated aulfurlc acld to 30 ml. of 
absolute ethanol. Cool to room temperature and store in refrigerator. This reagent le 
good for 1-i days. 

11. Standard estradiol: 10 mg. of pure estradiol in 100 ml. of 951 ethanol. 

Procedure: 
1. The total volume of the specimen (preserved with 15 ml. of toluene) Is reco1-ded. 

Carefully measure out a 100-ml. aliquot of the specbnen using a graduated cylinder. 
2. Place the aliquot in a 250 ml. Erlenmeyer flask with two glass beads to prevent 

bumping, add 15 ml. llfdrochloric acid • . Bring the contents of the flask to a boll, and 
continue to boll GENTLY for 10 minutes. When bolllng is completed, cover neck of flask 
with a 50 ml. beaker, anu chill contents of flask to below 16° c. ln the refrigerator. 

3. Extract the hydro]yzed urine in a 260 ml. separatory funnel with one 100 ml., 
and two 60 ml. portions of ether. Combine ether extracts; discard extracted urine. 
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4. Waah the ether extract once with 8 ml. of sodlum bicarbonate, In the separatory 
funnel. Allow to ueltlc five minutes. btHcard aqueous phase. 

5. Evnpornte the ctl1cr extract to dryncas ln a 250 ml. glass evaporating dish in a 
hood. Avoid flames. DlAsolvc residue in 0. 6 ml. of ethanol and add 35 ml. of benzene, 

G. Extract Ute bcn:t.cne solution with one 35 ml. and two i7 ml. portions of 9% sod
ium carbona,lc and one 5 rnl. portion of water. The benzene contains the hormones es-
trone and cstradlol. The aqueous phase contains the hormone. estriol. 

Estriol Phase 
1. Acidify the aqueous phase from the above step to litmus paper using hydrochloric 

acid. 
2. Extract the acidified solution with three 40 ml. portions of ether. Discard aqueous 

phase; combine ether extrncts. 
3. Wash ether extract with 12 ml. sodium bicarbonate; discard the aqueous ·phase. 

Evaporate ether extract to dryness. 
4. Dissolve residue in 0, 5 ml. ethanol, dilute with 35 ml. of benzene. Wash solu

tion once with 1 ml. of sodium bicarbonate and discard washing. 
5. The estriol is transferred to water by washing the benzene with three 50 ml. 

portions of water. The combined water extracts are evaporated to dryness and the rest
due taken up in 2 ml. of ethanol for final assay. 

Estrone-Estradiol Phase 
1. The benzene solution from Step 6 is washed with 10 ml. of 46% sulfuric acid fol

lowed by two 20 ml. portions of water. The washings are discarded. 
2. The estrogens are extracted from the benzene with four 36 ml. portions of 1 N 

sodium hydroxide. The benzene is now discarded. Make the alkaline extract acid to 

litmus paper using hydrochloric acid. 
3 . Extract the acidified sodium hydroxide with one 100 ml. and two 50 ml. portions 

of ether. Combine the ether extracts; discard the aqueous phase. 
4. Wash the ether extract with 15 ml. of 45% sulfuric acid. Next wash with two 25 

1111. portions of 9% sodlur' carbonate, followed by two final washings with 25 mi. of 
water. Discard all washings. Evaporate ether extract to dryness in a 260 ml. glass 
evaporating dish. 

6. The residue Is taken up in two ml. of ethanol, and stored in a stoppered cylinder 
until final assay. 

Color Development 
1. The alcoholic urine extracts from both the Estriol and Estradiol-Estrone frac

tions are placed Jn test tubes appropriately marked. The full 2. 0 ml. volume of 
alcoholic urine extract is used in each case. 

2. 0. 25 ml. of alcoholic estradiol standard is placed in a third test tube and ap
Jiroprlately marked. 

3. Evaporate the contents of all tubes to dryness in elth~r a vacuum desiccator or 
a gentle stream of air. 

4. To each tube add 2. 0 ml. of Color Reagent A. Stopper each tube loosely to 
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t:,oc.clude moisture. Heat Jn a boutng water bath for 10 mlnutcs, shaking well at two 
minute lntervnls . The color, which lR qulte stable, wlll develop 'at this point. Cool 
nll tubes to room temperature . 

6, Quantltntlvcly transfer the contents of each tube to· 10 ml, volumetric flasklt, 
Dllnte to the mark with color reagent B. Mix thoroughly, 

6. The optlcnl density la determined at 406 mu. , 466 mu., and 605 mu. on the 
Reckman Spectrophotometer using 1 em. quartz cells against 3 ml. of color reagent lJ 
as the blank. 

Calculations: 
To calculate the amount of estrogen present , a correction for extraneous non

specific color must first be made using the following equation: 

(1) C. D. 1456) = OD ( 4G,) - ~OD (406) 
2
1 OD(5080 

The corrected optical density at 466 mu. (CD46a) ls substituted in the followlng equa
tion to find the amount of Estrogen present in the 100 ml. aUquot of urine used, 

(2) CD466 = micrograms% (ug I) 
Ef 

The factor Ef in the above equation varies with the fraction under determination , and 
represents the optical density for 1 microgram of the estrogen diluted to 10 ml, u Ia 
done in the outlined orocedure. 

Ef 
EstrlolFraction - 0.013 
Estrone-Estradiol Fraction- 0. 018 
Standard Estradiol - 0 . 009 

In calculating ~he 25 ug standard the results should not vary more than from 24-28 
micrograms. If a greater or lesser result is obtained, Color Reagent. A and B prob
ably have become too decomposed, and fresh solutions should be prepared with the 
procedure repeated over from the beginning. 

Lastly, the total amount of Estrogen in the 24-hour specimen is calculated: 

(3) 
ug% 
100 

x total volume • total Estrogen (ln micrograms) 

The results are reported on Standard }'orm 614a in the following manner: 

Total volume------- ml. 
Estriol micrograms 
Estrone-Estradiol micrograms (calculated as estrone) 
Total Estrogen micrograms 
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Example : A 24-hour specimen of urine of total volume 1000 ml. gave the followi.Dg 
readings In optical density on the Beckman Spectrophotometer. 

Fraction 466 mu 4oe··mu 
Estrone-Estradiol 0, 615 0. 801 
Estriol 0.567 0.973 
Standard Estradiol 0 . 306 ~. 136 

The results were calculated in the following manner: 

'Estriol Fraction 

(1) CD456 :: 0.158'1 - 0,973 f 0 . 073 
2 

CD456 : 0.667 - 0.623 • 0.044 

\2) ~ = 3.4 
0.013 

(3) 3. 4 
100 

x 1000 =· 34 microgram• 

Estrone-Estradiol Fraction: 

(1) CD,u6 : 0. 815 - 0. 801 I 0. 188 

CD456 = 0. 816 - 0. 486 • 0.130 

(2) 0. 130 • 7. 2 
0.018 

<3> L...!. x 1000 • 72 micrograms 
100 

Standard Estradiol: 

(1) CD456 = 0. 305 - 0. 125 i 0. 061 

.:: 0.305 - 0.088 • 0.217 

(2) 0. 217 = 24.1 micrograms 
0.009 

Results: 
Total volume 1000 Estriol ____ 3_4 __ _ ml. 

micrograms 

1506 mu 
0.169 
0.0'13 
0.061 

Estrone-Estradlol 74 ~-;...;;... __ _ 
Total Estrogen 108 

--~~--

micrograms (cal. as estrone) 
micrograms 
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Notes: 
~his procedure la primarily designed for estrOKCR assay of urlnes of late preg
nancy or urlnes in which a high amount of estrogcm f.•Kcretlon ta suspected. Normal 
male and female urJnes usually fall to give results above zero because of excessive 
chromogenic Interference. In calculatlDg the results, equation fl wtll usually give a 
negative value In these cases which does not necessarlly indicate the abeence of estro
gen. Satisfactory results wlll usually be obtained, however, when the total 24-hour 
estrogen excretion is 100 micrograms or higher. 

In reporting the results of assay of normal urlnes, when Equation flglvea a 
negative value, the results of analysis may be reported as ''Total El'h'flcen content 
does not appear to exceed the normalltmtts. " 

Interpretation: 

Normal Values: 

Female 
Normal Adult before Menopause 
Normal Adult after Menopause 
Pregnancy 

Male 
Normal Adult 

Total Estrogen 1n 
micrograms per d!.v 

- 20 to 80 
- below 60 
- •see note 

- 0 to 6 

•DurlDg pregnancy the total e1trocen rt1e1 to about 12 to 40 mtllt,rams 
per day, with estriol comprla!N about 901 of the total amount. 
Eatrtol Ia Wlually ab1ent 1n normal female urine•. 
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FAT IN FECES 

References: 
Hepler, 0. E. Manual of Clinical Laboratory Methods, Springfield, Dl. Charles 

C . Thomas. 4th Ed. (1949). 
Fowweather, F. S. and W. N. Anderson. A method for the determination of fat 

in feces. Biochem. J. 40, 350-351 (1946), 
Van de Karver, J . H., Hainink, H. Ten and Weyers; H. A., J. Blol Chem. 11'1, 

347 (1949). 

Principle: 
Total fat includes free fatty acids, soaps, and neutral fat fractions. Hydrochloric 

acid is added to a portion of feces to convert the soaps to fatty acids. The total fat ls 
then removed in an ether extractior;l, purified by means of petroleum ether, and deter
mined gravimetrically. Another portion of fecea (not treated with hydrochloric acid) is 
extracted with ether and the amount of free fatty acids and neutral fats are determined 
gravimetrically. From this precipitate the free fatty acids are dissolved in benzene 
and titrated with 0. 1 ~ sodium alcoholate. 

Reagents: 
1. Concentrated hydrochloric acid. 
2. Anhydrous ethyl ether. 
3. 95 per cent ethyl alcohol. 
4. Petroleum ether -boiling point should be below 60° C. 
5. Benzene. 
6. 0. 1 ~ sodium alcoholate 

a. Place about 500 ml. absolute ethyl alcohol (redistilled) in a 1 liter volumetric 
flask. 

b. Add 2. 3 grams freshly cut metallic sodium; when dissolved, dilute to volume 
with alcohol. Keep away (rom flames. 

c. Titrate with 0. 1 N hydrochloric acid using 2 drops 0. 5 ·.per cent alcohollc 
phenolphthalein as indicator. 

d. Adjust normality to 0. 1 with alcohol as the solvent. 

Procedure: 
1. Record total weight of fresh specimen. 
2. Thoroughly mix and homogenize specimen to afford even distribution of contents. 
3. Weigh onto two previously tared aluminum dishes about 2-3 grams feces from 

specimen. Labei 1 and 2. 
4 . Place dishes on hot plate ln hood until all odor is dispelled. Then continue heating 

in drying oven (95 to 1000 C.) until samples are at constant weight. From final weighing 
calculate DRY WEIGHT and MOISTURE CONTENT of specimen, 

5. Weigh two samples of about 2-3 grams fresh specimen into two 250 ml. centrifuge 
bottles. Label A and B. 

6 . To bottle A add 3 ml. concentrated hydrochloric acid and 30 ml. distUled water. 
Bottle A is used for determination of TOTAL FAT. 
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'1. To bottle B add 30 ml. distilled water. Bottle B is used for the determination of 
FATTY ACIDS and NEUTHAL FAT. 

8. Add 20 ml. ani\Ydroua ethyl ether to each bottle and shake for Clve minutes. (Use 
caution to avoid loss of ether.) Cool under tap tf necessary. Let stand 5 minutes. 

9. Add 17 mi. 95 per cent ethyl alcohol to bottle A and 20 mi. to bottle B. Mix con
tents by a quick rotary motion and cool to room temperature 1n running water. 

10. Stopper bottles and shake vigorously for 6 mlhutes. Then centrifuge at 2000 rpm. 
11. Transfer the ether layer, as completely as possible, into 150 ml. beakers. 

(Label A and B) . Repeat extraction twice using 20 ml. portions· of ether. Combine the 
three extractions. 

12. Wash the stopper and sides of the bottles with three successive 8 ml. portions of 
ether and add each to the ether extractions. 

13. Evaporate the combined extractions and washings to dryness. 
14. Add 20 ml. petroleum ether to each beaker, warm on a water bath, and filter 

through fat-free filter paper Into two previously tared 100 ml. beakers. Repeat twice 
using 10 ml. portions of petroleum ether. Label A and B. 

16. Evaporate the petroleum ether to dryness. Dry residue to constant weight in a 
37° C. oven. Record weights. 

16. Dissolve residue in beaker Bin 50 ml. benzene and heat almost to boiling. 
17. Titrate whlle still hot with 0.1 N sodium alcoholate, using two drops alcohollc 

phenolphthalein as indicator. Titrate until color no longer deepens. 

Calculations: 
1. Dry Matter: dried weight sample 1 x 100 = 

wet weight sample l 

(Repeat with sample 2 and take the average) 

2. Total Fat: 

per cent dry matter 

a. Calculate the weight of dry matter in sample A by multiplying the wet weight 
by the per cent of dry matter found. 

b. total fat "(sample A) x 100 = per cent total fat 
dry weight (sample A) 

3. Free fatty acids plus neutral fat: 
a. Calculate the weight of dry matter in sample B by multiplying the wet weight 

by the per cent of dry matter found. 

b. free fatty acids plus neutral fat (sample B) x 100 equals per cent free 
dry weight (sample B) 

fatty acids and neutral fat. 

4. Soaps: 
a. (Per cent total fat) minus (per cent free fatty ·acids plus neutral fat) equals 

per cent soaps. 
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6. Free fatty acids: 
a. 1 ml. of 0 . 1 !{sodium alcoholate Utrates 28. 2·mgm. of oleic acid or 28. • 

mgm. of stearic acid (average 28. 3) . 
b. The number of mls. of 0. 1 N sodium alcoholate used ln titration Umea 28. a 

equals mgm. of free fatty acids In sample B. 
c. Convert to grams and 

weight of free fatty acids (sample B) x 100 = per eent free fatty· actda 
dry weight (sample B) 

8. Neutral fat: 
a. (Per cent free fatty acids plus neutral fat) minus (per centfree fatty acids) 

equals per cent neutral fat. 
'T. Consolidate report as follows: 

Notes: 

Total weight of specimen •••••.• 
Moisture ...•.•••..••••.••.•• .• 
Dry weight of specimen •••.••.• 

gram a 
per cent 
gram a 

FAT CONTENT (based on dry weight) 
Soaps (calculated as Oleic 

and Stearic acid) • • • • • . • • • • • • per cent 
Free fatty acids • • • . • • • • • • • • • • • per cent 

------~ Total fatty acids............... per cent 
Neutral fat • • • • • . • . • • • • • • • • • • • per cent 
Total fat ..••.••.••.•.••••••. -. -. -..:pe:......r_c_e-n'""t 

~. The analysts should be made on fresh feces &II fat deereaae1 oa ltalldina even 
when specimen Is frozen. 

2. Blank determinations should be run to rule out any fatty aubata.D.cea ill the rea,enta. 
3. The amount of dry matter, and likewise the moisture content, 11 extreanely vari

able tn the normal stool. Values should be expreaaed 1D term• of dry matter to be atp.t
ficant. 

4. Drying alters the chemical composition of feces 10 the Upldl are determined 111 
"wet" feces but reported as pP.,. cent of "dry" weight of feces. 

Interpretation: 
1. Normal values: 

a. Dry matter: 4 . 6 - 38 per cent 
Total fat: 7. 3 - 27. 6 per cent . 
Free fatty acids: 1. 05 - 10 per cent 
Soaps as fatty acids: 0. 54 - 11.4 per cent 
Neutral: 2. 49 - .11. 8 per cent 
Neutral fat as oer cent of total fat~. 24.6 - 80.1 per cent 

2. Abnormal values 
a. Cellae disease and obstructive jaundice: increase in total fat, soaps and 
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free fatty acids; neutral fllt 111 normal. 
h, PancreaUc deficiency: Increase In total fat, neutral fat ud soaps with normal 

or low fatty acids , 
e. Nontropical sprue: Increase In total fat, fatf!Y acids and neutral fat. 
d. Tropical sprue: increase In total fat and fatey acids, and decrease 1n neutral 

fat. 
e. Gastroenteritis: increase 1n all fat fractions. 
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Reference: 

.nDRINOGEN 
Plasma 

(Turbidimetric) 

Fowell, A. H., American J. Clinical Pathology, 25, 340 (1966) 
Parfentjev, I. A. , et al. '· Arch. Bloc hem. ~ 470 (1963) 

Principle: 
Fibrinogen is a globulin more .easily precipitated than the other plasma globulins. 

It is practically quantitatively precipitated by 12% (NH4)2 so4• The plasma is mixed 
with an appropriate salt solution and the resulting turbidity is read in a photometer 
aga.Jnst the same plasma diluted in 0. 86% saline. The ·fibrinogen is calculated by means 
of an eq\latlon determined empirically using purified fibrinogen diluted with fibrinogen 
free serum. Since fibrinogen does have some solubillty in the reagent, a simple factor 
cannot be used, --see Notes below. 

Reagents: 
1. 0. 86% NaCl; Dissolve 8. 60 g. NaCl (reagent grade) up to one Uter with distUled 

water. 
2. Precipitant solution: To 133.33 g. reagent grade ammonium: sulfate and 10.0 g. 

NaCl, add 0. 026 g. Merthlolate to suppress microbical growth. The volume ls brought 
to one liter with distllled water and sufficient 10 H NaOH added to bring the pH to 7 (uiJe
ing 0. 02% phenol red as an outside indicator). 

3. Serum (for standardization): Pooled normal human serum (from well coagulated 
blood specimens). 

4. Fibrinogen (purified) with clottable protein nss33. Warner Chilcott brand was 
used to calibrate this procedure. 

Procedure: 
Plasma for this determination is collected preferably in so.dium citrate but oxalate. 

or EDTA (Ethylenediamlnetetraacetlc acid), di-sodium salt, may be used, Too. 50 ml. 
of plasma (ca!efully separated and free of erythrocytes), in a photometer tube (22 x 
200 ·mm.), ls added 6.00 ml. of precipitant solution. For a blank add to 0.50 ml. of 
th~ same plasma 6. 00 ml. of 0. 85% saline. · After three minutes compare photometrical
ly setting the blank at 100 using (615 mu) . 

Calculation: 
Read the percentage fibrinogen from a graph derived from the standardization pro

cedure given below. Note that the line does not pass through o, 0. 

Standardization 
1. Dissolve gently a vial of fibrinogen containing 6 mg. clottable protein (fibrino

gen) In exactly 2. 00 ml. of fibrinogen free serum. 
2. Into three photometer cuvets add as follows; using serum and the above recon

stituted plasma (serum and fibrinogen): 
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Tube Fibr~ogen ml. 
Serum 

ml. 
Reconst·. Plasma Preclptfa~l Solution 

1. 0.00 1.00 0.00 12.00 

2. 0.076 0.76 0.26 12.00 

3. 0.160 0.60 0.60 12.00 

4. 0.30 0.00 1.00 12.00 

Mix each tube immediately after the addition of the precipitant and after exactly 
three minutes, mix and compare photometrically using 616 mu. 

Notes: 
1. Fibrinogen levels lower than a certain value (approximately 0. 06%) cannot be 

measured by this method. 
2. If flocculation has occurred at the time of reading give the sample a vigorous 

shake to resuspend the fibrinogen. 

Interpretation: 
Normal levels of fibrinogen range from 0.113-0.380% averaging 0. 246$. 
Elevated values are seen in most acute lnfectipns and m~ be correlated ~ith 

increased sedimentation rates. 
Decreases may be seen in very severe hepatic deficiencies or in congenital 

defects in synthetic metabolism, intravascular clott.lng, generalized, or in local~ed 
large scale fibrin formation. 
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FOLLICLE STIMULATING HORHOHE - Btoa·seay 
Urine 

References: 
Dekanski, J . , The kaolin-adsorption method for the quantitative assay of urinary 

gonadotrophins. Brit. J. Exp . Path. 30, 272-82 (19.4'9) . 
Crooke, A. C., W.R; Butt, ·J . D. Ingram, and L.E. Romanchuck, Chemical assay 

of gonadotrophin in urine. The Lancet. ! · 379- 83 (19S4). 
Principle: 

Since there is no specific chemical reaction by which gonadotrophins can be mea
sured, the process described Is essentially an extractive process using kaolin as an 
adsorbant of the gonadotrophins and subsequent re-precipitation of the ex;tract. An eluted 
extract is then assayed by its activity in mice. 

Apparatus: 
For each determination, four immature female white mice are needed. 

Reagents: 
1. Glacial acetic acid 
2. Hyd.rion or alkali -acid paper 
3. Sodium chloride 
4. Ethyl alcohol 95% 
5. Kaolin 20% (w /v) aqueous suspension 
8. Ammonium hydroxide 1~. (67. 5 ml. diluted to 1 liter) 

Procedure: 
1. The total v~lume of the urine specimen is poured into a large graduated cylinder 

and measured. If more than one specimen is run at one time, the volumes are made 
equal by an addition of distilled water. 

2. Adjust the pH of the urine to 4. 5 with glacial acetic. acid. Use either p}\ydrion 
or alk-acid paper. 

3. Add 5 ml. of 20% Kaolin suspension f•>r each 100 ml. of specimen. (Equalizing 
the volumes allows equal amounts of kaolin to be added to each specimen)~ Add 1-2 
g. of sodium chloride and allow to settle in the refrigerator for about one hour . 

4. Siphon off the supernatant liquid being careful not to disturb the settled kaolin. 
6. Transfer t:te kaolin to a 250 ml. cenirifuge bottle with dlstUled water and centri

fuge at 1500 rpm for about 10 minutes. Decant and discard the supernatant liquid. 
6. 1 N NH40H is added to the res~due in the bottles in a volume which equals the 

volume of the original kaolin suspension a~ded. The precipitate is stirred well into 
the NH40H with a stirring rod which Is removed and s~ved. 

7. Centrifuge and decant the supernatant into a beaker. 
8. Repeat step f6. and combine the supernatants. 
9. Centrifuge the combined supernatants. Discard the precipitate and adjust the pH 

of the liquid to 6. 6 with glacial acetic actd using indicator paper. 
10. Centrifuge and discard the precipitate formed at pH 8. 6. Reduce pH to 5. 5 with 
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ncetlc acid. Add a volume or 95% ethyl alcohol (or acetone) which is equal to four Umea 
· - ~ volume or the acidiCicd solution. 

11. Place in a glass stoppered Erlenmeyer flask and allow to stand overnight in the 
refrigerator. 

12. Centrifuge the entire sample using the Aame centrifuge bottle over and over 
discarding the supernatant after each centrl!ugntlon. 

13. Place the bottle in a vacuum dessicator and evacuate untll dry. 
14. When the protein in the bottle is .dry (usualcy overnight) add '1. 6- ml. of d.lsUUed 

water. Stir well by-swirling and then centrl!t,tge. Take off the supernatant with a drop
per pipet and dilute it as follows: 

(1) 4 ml. extract .;. 1 ml. of H2o - 3 Mouse Untts Level 
(2) 1. 6'1 ml. extract .;. 3. 33 ml. H 0 - 9 " " " 
(3) 0. 58 ml. extract .;. 4. 42 ml. ~0 -2'1 " " " 
(4) 0.19 ml. extract .;. 4. 81 ml. H 0 -81 " " " 

15. Inject each twice. daily with 0. 5 ml. ~each dilution for two days. IDjeet mice 
once on third day and sacrl!ice on the fourth day. The weakest dilution at which the 
uterus and Fallopian tube are twice the no~alsize glves the titer of the extract. 

Notes: 
--The urine sample must consist of a 24-hour specimen and lf ahlpped trom a distance 
greater than 24 hours traveling tlme, 15 ml. of chloroform may be added ae a presena
tive. 

Interpretation: 
The normal male and female glve negative teat• except aa ·mdicated. 

Tests may be positive in 
Males with 

Testicular hypofunction 
Seminoma or teratoma of testea 

Females ln 
Pregnancy 
Menopause 
Ovarian ~funcUon 
Chorlonepitheliom.a 
H,ydatldlCorm mole 

and other disease, primary and aeconda17 of tlle pituitary Jland. 
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GLliCOSE 
Blood and Spinal rluld 

Reference: 
Nelson, Norton: J. Biol. Cf:lem •• 153, 375-3SO (1°H.) modillf'd and adapted. 

Principle: 
The glucose in a blood (iltrate is oXidized by cupric ton (Cutl) in an alka.ltne me

dium, and the cuprous oxide produced ls the.n reacted with acid arsenomolybdate tO 
produce a solution of blue mo~ybdenum oXioos whose concentration is direc.~ly propor
tional to the amount of glucose present in ihe sample. Blood for glucose. d~ternlinatlona 
should be collected in fluoride tubes to avoid the lou of glucose by bacterial and ery
throcyte glycolysis. 

Reagents: 
1. Deproteinizing solutions: see undPl'' PROTEIN-FREE FILTRATES for the prin

ciples involved and solutions required. 
2. Alkaline Copper reagent- for rolorlmetric technique. 

28 g. Na2HP04 anhydroua 
100 ml. 1 N NaOH or 40 ml. 2. 5 N NaOH 
40 g. KNaC4~~0 ·4H

2
o (sodium potassium tartrate) 

a g. cuSo4·s~cf 
180 g. Na2so4 aneydroua 
Dissolve phosphate and tartrate ln 700 ml. of water: add the NaOH; then add 

80 ml. of 10% CuS04; then add the sodium sulfate, sUr until dissolved. 
Dilute to 1 L. Let stand 1-2 days, decant and filter. 

3. Arsenomolybdate color reagent: 
Dissolve 25 g. of (NH~6 Mo7o24·4 a2o (ammonium paramolybdate) in 450 ml. 

of water. Add 21 ml •. of concentrated H2so4 and mlx • . Dissolve 3 g. of Na2HAso4.·11120 
in 25 mi. of water and mix the two aolutlone. Place 1n incubator at 3'1°C: for 24-4.8 
hours . 

4. Glucose stock standard: 
Dissolve exactly 1. 000 g. of pure anhydrous glucose In 0. 25% benzoic acid, 

dilute with 0. 25% benzoic acid to 100. 0 ml. and mlx. 
5. Glucose dilute working standard: 

Add exactly 1, 00 ml. of stock standard to a 100 ml. volumetric flask, add 
0, 25% benzote llCld to the mark and mtx well. This results In a 10 mg.% glucose 
soluUon, P:repare fresh each week. 

6, 0. 25% benzoic acid solution: 
In a 2 liter volumetric flask, dissolve 6. 0 g. benzoic acid. Klx well. 

Procedure: 
1. Pipet 1. 00 ml. of a protein-free filtrate Into a 26 ml. Folln-Wu sugar tube. 
2. Prepare a blank using 1. 0 ml. distilled water and a standard by using 1. 00 ml. 

of dilute (10 mg. /100 ml.) glucose standard. 
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3. 'l'o each of Uu' three a hove In a 26. 0 inl. FoUn-Wu tube add 1. 0 ml. mble4 
'PI>er real~eut; mix by llh:tkfnl~· 

4. Cover with aluminum foH capo or glass marbles and immerse simultaneously 
In a boiling water bath, for 10 mfnutes. 

5. Cool for three minutes In a J>an of cold water. 
G. Add 1. 0 ml. of ;1r1.1eno-.m.olybdate reagent to e~h tube, mlx and dissolve tbe 

cuprous oxide by. shakb1g. 
'1 . Let ot.'llld 10 minutes :md dilute to the 26 ml. mark and mix by aeveral inver

sions. 
8. Read b1 the photometer (615 mu) psln.g tho blank to aet 100·. 

CalcultlUona: 
(Du/Ds) x C8 x (100/0. 1) = Cu = (Du/Ds) x 100 (mg./100 ml. blood) 

Example: 
Tu = 30.2; Du = 0.620 C8 : O.lmg. 

Ts = 26.8 lls = 0.6'12 

(0.620/0.6'12) X 0.1 X (100/0.1) • (0.620/0:.&'12) X 100 a 81 Dll•l 

Precautions: 
1. De sure boillng water bath is really bollf.Dg. 
2. Time boiling accurately. 
3. Mlx well each time as directed. 

Interpretation: 
Normal blood sugars for Folln.-Wu tungstlc acld filtrates are between 80 ud 120 

mg. /100 ml.; for Zn(OII)2 filtrates 60-90 mg. I. True fermentable blood &ugar Ia 
60-80 mg.%. Increases are seen after ingestion of food, 'fn diabetes and m emoUoa-
al streso~ Decreases are seen In insulin overdosage and with active Islet cell adenom
as of the pancreas. 

Spinal Fluid; 
1. Dilute the spinal fluid 1:5 (1.;. 4) with water and use aa a protein-free fUtrate. 

Divide nominal results by 2. 
2. H the sample contains protein, dcprotelnlze by Da(OII)3-ZDSO" method and 

proceed as above. 
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GLUCOSE TOLERANCE 

References: 
1. Anderson, G. E. , et al., Am. J. Clln. Nutrition 4, 673 (19156) 
2. Silverstone, F.A., M. Brandfonbrener, W.W. ShockandM.J. Ylengst, J. Clln. 

Invest., 36, 504-14 (1967) 
3. Smith, L. E. and Shock, N. W., J. Gerontology!. 27 (1949) 

This test determines the ablllty of the various organs concerned to handle a rapid 
lnflux of glucose. The organs.lnvolved include the pancreae (islet cells), the liver, 
the pituitary, the adrenal cortex, and possibly others. It Is of great value in detecting 
early diabetes. 

Procedure: 
The patient ~hould have been on an average diet for the preceding two or three days. 

He should have fasted for the 12 or 14 hours Immediately preceding "the teat. He can be 
alllowed, ·and should be encouraged~ to drink water enough not lo be dehydrated and to 
have an adequate urine flow. 

1. Have patient void. Save specimen, Take a blood sample for glucose determin
ation. 

2. Have patient drink a solution of 50 g. glucose dissolved 1n 300 to 400 ·ml. of 
W;a.ter and flavored with the jUJ.ce of 1/4 to 1/2 a lemon. Some techniques uae doses of 
one gram per kilogram of body weight. 

3. Take blood apeclmena for glucoae determination at 1/J, 1. 2, and 3 hours after 
the ingestion of the glucose. Collect urine specimens at approximately the same time . 

Determine the glucose concentrations 1n the five blood specimens and test the 
urine speCimens qualltatlvely for gluco.e. Plot the results. • 

Interpretation: 
Blood: The~ are four criteria which should be considered in the interpretatl• 

of an oral glq.cose tolerance curve. 

1. The fasting blood glucose value. 
2 •. The highest blood sugar value. 
3. Time at which the highest valUe was reached. 
4. Time of return to the fastiDg level. 

Normal Values 
10-120 

130-140 
46-80 min. 

11/2-2 1/2 hrs. 

Urine: With a normal renal threshold, uot more than a ftry small amount of 
•lucose should appear 1n the urine. When1lucose does appear It gives a rough indica-
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Uon ot LOC renal threshold when simultaneous blood sugars are taken into conaldera
'on. All urine samples giving a positive qualitative test for glucose are pooled and 
.ae total glucose determined. 

Intravenous gJiucose tolerance test: 
This test is carried out whenever altered intestinal absorption may require it, Jn 

the great majority of cases, the oral test is a.ulte adequate. 

Procedure: 
One suggested method is as follows: . 
1. The patient is prepared as outlined above for the oral glucose tolerance test, 
2. Fasting blood and urine samples are taken. 
3. 0. 5 g. glucose per kilogram of body weight are given intravenously in the form 

of a 20% solution over a 5-mlnute period. 
A fbed amount of glucose may be used with little effect on the results. 

4. Blood specimens are collected from the opposite arm at the end of the injection 
and at the end of the one-hour, two-hour, and three-hour periods following the start 
of the injection. 

Interpretatlpn: 
1. Fashng blood glucose value 
2. Original level (or lower) reached in 

Insulin Tolerance Test: 

Normal Value 
90-120 (Folin-Wu) 
30-60 mlnuie s 

This test is used to investigate patients with various endocrine disorders. 
Patient preparation: A diet containing more than 300 g. of carbohYdrate daily must 

be taken by the patient for 3 days preceding the test. The teat is carried out on the 
fourth day with the patient in a fasting state. 

Procedure: 
1. Blood is taken for a control fasting blood sugar. 
2. Insulin is injected intravenously (0. 1 units per kilogram body wetaht). 
3. Additional blood samples a;rf! taken ·for blood sugar at 20, 30 , .&5, 80, 90 and 

120 minutes after the insulin injection. 

Interpretation: 
1: The norma.l response is an immediate fall (at about 30 minutes) to about 40% of 

the fasting level, followed by a gradual increase back up. to normal fastfng.valuee within 
90-120 minutes . . There are two abnormal types of response. 

a. Insulin Resisi~e: This is evidenced by a very slight and delayed fall in 
blood sugar values . .. This is seen in some cases of: Diabetes melllt111; Adrenal cortical 
hyper function CCushings syndrome); Anterior pituitary hyperfunctlon (acromegaly). 

b. Hypoglycemic Atonia: This is evidenced by a normal fall in blood sugar but 
the subsequent rise does not occur or is delayed. This ls seen In some easee of: 
Anterior pituitary hypofunction·1Simmond's disease): Adrenal corttcal hypof'unt'tlon (Ad
dison's disease); Hyperinsulinism. 
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References: 

5-11YDROXY-INDOLEACE1'ld ACID 
Urine (Qt.Ja Htative) 

Sjocrdsm.a, A., Welesbach, H., & Udeniriend, S: Simple test for diagnosis of 
metastatic carclnold. J.A.M. A. 159, 397 (1955). 

Udeniriend, S., Wcissbach, H., & Clark, C. : The estimation of 5-hydrox,y
tryptamine (serot?nin) in biological tissues. J. Biol. Chem. 215. 337 .. 344 (195&). 

Uden!riend, S., Weissbach, H., ~Titus, E . : The idenUflcatioD of &-hydrox,y-
3-indoleacettc acid in normal urine, and a method for its assay. J. Btol, Chem . 
216. 499-506 (1955) . 

Principle: 
1-nitroso-2-naphtholin the presence of a small amount of nitrous acid will yield 

a purple derivative with 5-hydroxy-indoles and this reaction is the basis for detection 
of abnormally large amounts of 5-hydroxy-indoleacetic acid in urine (40 mg. or more 
per 24-hour specimen). False positives are given by p-hydroxyacetanilide which is 
found in the urine only after administration of acetanilide drugs. Color formation is 
sometimes inhibited by large amounts of keto acids. 

Reagents: 
1. 1-nitroso-2-naphthol (Eastman) - 100 mg. of the compound is dissolved 1n 100 

ml. of 95% ethanol. 
2. Reagent A - 2. 5 g . . of pure sodium nitrite is dissolved 1n 100 ml. of distilled 

water. Keep solution refrigerated. Prepare fresh -every 20 days. 
3. Reagent B - 19.6 g. of suUurlc acid (concentrated reagent grade) is wetghed 

1n a 50 ml. beaker. Add the acid to 85 ml. of distilled water. 
4 . Ethylene dichloride -purified. 

Procedure: 
1. Into a 5-inch test tube measure 0. 2 ml. of the urine to be tested. Mark this 

tube "T". Into a second 5-inch test tube, marlted "C" for control, measure 0. 2 ml. 
of a known negative urine. 

2. Add 0.8 ml. distilled water to each tube. 
3. Prepare the Diazo reagent by adding 0. 2 ml. of reagent A to 5 ml. of .reagent 

B. This solution must be used within thirty minutes. 
4. To both test tubes add 0.5 ml. of 1-nltroso-2-naphthol solution and mix well. 
5. To both tubes add 0. 5 ml. of Diazo reagent (prepared in step 3), and again mix 

well. Allow solutions to stand for five minutes. 
6. Add 5 ml. of ethylene dichloride to each tube and mix well to extract the excess 

1-nltroso-2-naphthol. If turbidity results, the tubes should. be centrifuged. A purple 
to black color 1n the upper layer is positive for 5-hydroxy-lndoleacettc acid. A yellow 
color whtch often appears is of no significance. A positive test indicates the presence 
of over 8 mg. per liter. 
Interpretation: 

A positive test for 5-hydro"iY-indoleacetic acid is comparatively rare. The normal 
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24-hour output ls between 2 to 8 mg. WlteD positive, this test. Is a speclllc lbdJcatJoa 
of a metastatic carcinoid condltloa. In 5 patleata with carc1Dold syndrome the 24-hour 
output varied t:rom 140 to 828 mg. 
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Principle: 

ICTEHUS . INDEX 
Serum 

The Intensity of the yellow color of serum, usually due to bUlrubln, is determined 
by comparison with a standard potaasium dichromate solution. 

Reagents: 
5% sodl~m citrate solution for diluting serum. 
Na3c 6H50 7• 2H20 (U .S.P.) 50 g. dissolve in H2o and dilute to 100 ml. Mix. 

Standards: 
Weigh out 1.000 g. of K2cr2o7 , dissolve in water, add 2 drops of concentrated 

H2so4 , dilute up to 100 ml., and mlx. Jn:to clean, dry'test tubes place respectively 
0.1, 0.3, 0.5, 0.7, 1.0, . 1.2, 1.5, 2. 0,- 3.0, 4.0, 5.0, 6.0, 7.0, a.o, 9.0, and 10.0 
ml. of this solution. Make each volume up to 10.0 ml. with water, and mix. Select 
test tubes, 11 x 100 mm. size, Pyrex, that have uniform diameters, and clean and 
dry tubes. Fill a~out two-thirds full with the above solutions, ·.and seal off. Label each 
tube according to the number of tenths of a ml. of the 1% dichromate solution used in 
making it, so that the tubes are labeled from 1 to 100 icterus units. Keep these stand
ards in the dark while not being used. 

Method: 
Use selected tubes like the above , and of a diameter uniform with the above. Place 

1 ml. of serum without hemolysis in one of thes~ test tubes, and compar~ ~th the ser
ies of standards. From this prelimlnary comparison, dilute the serum with 5% sodium 
citrate (if necessary) so that the final ·comparison is made with an intensity of 15 units 
or less. Taking the dilution into accoimt, calculate the ICTERUS INDEX of the origin
al serum. 

Remarks: 
The ICTERUS INDEX gives the number of times the serum would have to be di

luted in order for it to match a 1 to 10,000 solution of potassium dichromate (0.01% 
K2cr20 7). The normal value is 3 to 5 units. Icterus or jaundice is seldom visible in 
tile skin or sclera of a patient until the index rises to about 15 units. The level .at 
wh1ch the s~ changes color is largely dependent on the amount of diffusible billrubin 
present, while the non-diffusible form has little effect on skin color. 

Even traces of hemoglobin make it difficult or impossible to obtain a match with 
the standards. Lipemia also interferes; so the patient should be in a fasting condi
tion. Occasionally carotenemia contributes to the amount of yellow color in the serum. 
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Rcfert>nces 

IODINE PHOTEIN-DOUND 
Serum 

1. Thompson, H. L., Klugerman, M. R. and Truemper, J., ''A method for pro
tein-bound iodine: the kinetics and the use of controls in the ash1ng technique," 
J. Lab. and Clin. Med. , 47, 149-63 (1946). 

2. Barker, S.B., Humphrey, M.J. and Soley, M.H., "The c:linlcal determinaUon 
of protein-bound iodine," J. Clio. Invest., 30, 65-62 (1951) 

3. · Klugerman, M. R., "A simple and rapid calculation in Barker's method for 
blood-protein-bound iodine," Am. J. Clin. Path., M_, 490-495 (1954). 

Principle: 

The estimation of serum protein-bound Iodine (PBJ) has become an important tool 
in confirming the existence of thyroid dysfunction. Since its introduction the PBI deter
mination has been proven to be a more reliable and reproducible indicator of thyroid 
funct19n than the basal metablolic rate (BMR) although it, too, has its own pitfalls. 

In the dry-ashlng sodium carbonate method of PBI determination, the iodine is iso
lated from the serum by precipitation and washing of protein followed by drying and in
cineration. These steps eliminate constituents that would interfere with the colorimetric 
determination of iodine. The iodine concentration in the ash is then determined. 

The colorimetric techn.ique for the determination of trace quantities of iodine Is 
baaed on the catalytic action of iodide on the eerie-arsenite system. 

r 
·2 Cet4 ,l Ast3 ) 2 Cet3 t Aat6 

A definite linear relationship between reaction time, 1. e. , the rate of decolorization 
of the eerie ion, and the iodide concentration was shown. Therefore, by determlning 
the cerlc ion concentration at the end of a given period of time the iodide concentra
tion may be calculated~ The eerie ion concentration is determined photometrical)¥. 

Apparatus: 

1. Photoelectric colorimeter: Any of the standard instruments .may :,e used for the 
PBI determination if a proper range has been ascertained by estimating the optimum 
concentration of eerie ion for the eerie-iodide-arsenite system. 

2. Cuvets 

168 



3. Muffle furnace 
4. Drying oven 
6. Heavy wall glass ignition tubes (26 x 200 mm.) 

Reagents 

1. Zinc Sulfate: dissolve 100 ~rams ZnB04 · '1~0 ln water and dilute to one Uter. 

2. Sodium Hydroxide (0. 519: Dlssolve 20 grams NaOH in water and dilute to one 
Uter. Note: The zinc sulfate and sodium hydroxide solutions should be so adjusted that 
when 10.0 ml. of the zinc sulfate is diluted with 50 to '10 ml. H2o and titrated with 0. 6!i 
NaOH, about 10.8-11.2 ml. of the NaOH will be reqUired to produce a'falnt permanent 
plnk color with phenolphthalein. 

3. Hydrochloric acid (2.0 !:9: Dilute 170 ml. analytical reagent grade concentrated 
HCl to one liter with H2o. Titrate against 1. 0 N NaOH. 

4. Sulfuric acid {'l_ID: Dilute 200 ml. concentrated H2so4 to one liter with H
2
o. 

6. Sodium Carbon.<tte (4. 0 !:9: Dissolve 212 grams of Na2co3 (analytical reagent) 
In H20 and dilute to one liter. Titrate against standard 1.0 N HCl with methyl orange 
Indicator. 

6. Cerlc Sulfate (0.012,ID: Dissolve 8.02 grams of eerie ammonium sulfate, 
(Ce(SO 4) 

2 
• 2(NH4) 2 SO 4 • 4H20) in a one-liter flask containing 500 ml. H2o .and 230 ml. 

'1 N H2so4, When the solution is clear, dilute to the liter mark With HzO. 

'1. Arsenious Acid (0. 012 B): In a one liter flask dissolve 5. 84 grams of As2o3 ln 
30 ml. of 1 N NaOH, warming to hasten solution. Add 300 ml. H20 and dilute H2so4 until 
the solution is slightly acid to litmus. This requires approximately 4. 5 ml. of the 7 N 
H2SO

4
. Dilute with H

2
0 to the liter mark. 

8. Iodide Stock Standard: Dissolve 118.1 mg. Nal, analytical reagent, or 130.8 mg. 
Kl, in H20 and dilute to one liter (1 ml. : 100.0 micrograms n. Dilute stock Is ob
tained by diluting 4 ml. of the above stock to one liter with H20. (1 ml. : 0. 40 ug IJ. 
Working Stock is obtained by diluting 10 ml. of dilute stock to 100 ml. with H20. 
(1 ml. = 0.04 micrograms 11. All of these solutions have been found to keep indefin
itely at refrigerator temperatures. It is preferable, however, to prepare a new work
ing: standard every week or two. 

Analytical Procedure 

A. Precipitation and Washing of Protein 

1. Add 10.0 ml. H20 to each ignition tube. 

189 



2. Pi~t l. 00 ml. serum into t>ach ~ube. 

3. Add 1. 0 ml. of the Z nSO 
4 

reagent and mix we 11. 

4. Add 1. 0 ml. of 0. 5 N No.OH and mix thoroughly with a stirring rod. 

5. Centrifu~;e !or 10 minutes at 3500 rpm. 

6. Pour of! and discard the supernatant fluid. 

7. Add 10.0 ml. H2o to each tube and mix. 

8. Centrifuge and discard supernatant as above, 

9. Wash at least one more time, 

10. Add 1. 0 ml. of 4. 0 N Na2co
3 

solution. Do not mix. 

B. Drying and Incineration 

1. Place the ignition tubes in the drying oven (85 to 95°C.) to drive off the water . 
This usually takes about 12 hours. 

2. After drying, place the tubes in the muffle furnace (600 f. 25°C. ) !or three hours . 

C. Colorimetric Determination 

1. Add 2 ml. of 2 N HCl to the ash. Tilt the tubes at a 30° angle so that no materJal 
is lost in the effervescence. Allow to stand for 10 minutes. 

3. Add 0. 5 ml. of the arsenious acid solution and mix well by shaking. 

4. Add 1 mi. of the eerie sulfate reagent, at 30 second interv<• Is, to the samples 
being tested, and mix well by shalqng. 

5. Place each tuoe· In a 37°C. water bath immediately after the addition of the 
eerie sulfate. 

6. Set the photometer at 100% transmittance using a wavelengtlt of about 420 mu 
with a distilled water blank and at O% transmittance with a reference blank (1 ml. eerie 
sulfate solution in 6. 5 mls. H

2
0). Recheck these setting several times in alternation. 

7 . Read the transmittance of the first sample exactly 12 minutes after the addition 
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of the eerie sulfntc solution, pouring the solution from the (gatftton tubes lnto tho appro
ptUttc cuvcts. Continue reading cnch of the other samples at 80 second lntorvals correa
po~dtng to the time o£ addition of the eerie sulfate solutloii; e•th ne being read 12 
minutes after the eerie sulfate addition. 

TABLE 1 

SUMMARY OF PROCEDURE 

Serum Reagent 
Sample Blank 

1. H20 10.0 ml. 

2. Serum 1. 0 ml. 

3. ZnS04 1. 0 ~1. 

4. 0.6 !i NaOH 1.0 ml. 

6. Centrifuge and discard supernatant, wash with water 2 Umes 

1.0 ml. 1.0 ml. 

'I. Dry 1D oven and JncJnen.te Jn muffle fUI'D&ce 

8. 2 ~ HCl (let sit 10 minutes) 2.0 ml. 1.0 ml. 

1.0 ml. 1.0 ml, 

3.0 ml. 3.0 ml. 

11. Arsenious aeld 0 .. 6 ml. 0.1 ml. 

r2. Ce ric Sulfate 1.0 mL 1.0 ml. 

Calculations 

A . standard curve is determlned using the prepared Nal or Kl standard solutl01l8. 
From this curve the iodine conceatratlon at a glven transmittance may be determJned. 
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The solutions of vacyt~~~g \odide con~entratlon for the establishment of the ~tandard 
curve arc prep:u·cd 'in U.O following manner. 

1 . Add the app-ropriate amount of Nal or KI standard solution and water to each 
cuvet (see Table U). 

2. Add 1.0 ml. of 4, 0}! Na2co3 solution to each tube. 

3. Add 2.'0 ml. of 2. 0 N HCl with the tubes tilted at a 30° angle, and let them sit 
for 10. minutes.. 

4. Add ll. '0 rn 1. of 7. 0 N H2SO4 . 

6. AdilC0./6 ml. of arsenious acid. 

6. Add '1,;1) ml. of eerie sulfate solution to each cuvet at 30 second intervals; mtx, 
place the tubes :m the water bath; read the light transmission 1n the same manner as 
described for samples under Analytical Procedure. 

7 . The standard curve is determined by plotting per cent transmittance against 
the iodide concelitratton, on semi-log paper. 

TABLE U 

Iodide ~oncentration KI or Nal !J~ 
(ug/ml) (ml) (ml) 

·o.oo 0.0 2.0 
0.02 0.2 1.8 
0.04 0.4 1.6 
0.06 0.6 1.4 
0 . 08 0.8 1.2 
0.10 1.0 1.0 
0.12 1.2 0.8 
0.14 1.4 0.6 
0.16 1.6 0.4 
0. 18 1.8 0.2 
0.20 2.0 0.0 

Standards: A standard should be run with each group of samples to serve as a 
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check on the method, accuracy and equipment. Either of two types of standard may be 
used: (1) the serum standard which is a commercially prepared serum of kno"n protein
bound iodine concentration (e. g . , Versatol by the \Varner-Chilcott Laboratories of 
New York) or (2) the prepared standards of the Nal and KI standard solutions. 

The serum standard is run in the same manner as the serum sample with the ex
·ceptlon that the standard serum is used instead of the unknown sample. 

When Nal or KI solutions are used as standards the precipitation steps of the anal
ytical procedure are omitted. One-half ml. of the standard working Nai or KI solution 
ls placed in an ignition tube, and one ml. of the Na2co3 solution is add\.!d. The tube is 
then carried through the· remaining steps of the analytical procedure along with the 
group of samples. 

Blanks: A reagent blank should also be run with each determination. This consist• 
of adding 1. 0 ml. of the Na CO solution to a dry ignition tube and carrying the tube 
through the remaining stepi in lbe analytical procedure along with the group of enmples. 
Any contamination occurring in the determination wlll be shown by the blank. 

Contamination: The reagents and glassware may be very easily contaminated by 
iodine or mercury (which inhibits the reaction) due to the very small amounts being 
determined. Scrupulous care should be taken to guard against this possiblllty. It is 
recommended that a separate room be used for the PBI determinations. 

Distilled water: The water used in this determination should be glass redistllled 
from an alkaline solution. 

Interpretation 

The PBI is an important cllnical and diagnostic tool when used with Jmowledge of itA 
applicability and limitations . It is more often compatible With clinical and pathologic 
evaluation of thyroid disorder than the BMR since it is a direct measurement of circu
lating calorigenic substance while the BMR is an indirect indicator of thyroid function 
and may be affected by many non-thyroid hypermetabollc and hypometabolic diseases 
or conditions, as well as by emotional attitude and the responses and level of external 
stimuU. 

The normal PBI concentration in the human body has been found to be 3. 5 .to 8. 0 ug 
per 100 ml. The PBI is generally elevated in hyperthyroidism and falls after thyroid
ectomy or treatment with radioactive iodine or antithyroid. drugs. In cretinism or 
hypothyroidism the PBI is generally below normal. However, in some borderline cases 
'when the patient has hyperthyroidism or hypothyroidism the PDI may be Just within 
the normal range. In thyroid carcinoma and thyroiditis values for the PBI follow no 
consistent pattern. 
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Nonthyroid diseases, especially neuroses, psychoses, cardiovascular-renal 
diseases, non-tf\yroid endocrine disturbances, blood dyscrasia&, extrat)\yrold malig
nancy, hepatic and biUary tract diseases, infectious diseases and dermatoses seldom 
cause any variation 1n the PBI. 

The major d.ll.ficulty in the determination of the PBI is that 1t is greatly affected by 
exogenous iodine 1n any form. Therefore the thyroid status of the patient cannot be de
termined when the patient has bee: receiving iodine medication or any drug or treat
ment involving iodine or bromine. 

Organic iodine-containing cou p )unds known to affect protein-bound iodine determin
ations include iodlne-contalnlng r" .. Uopaque dyes used in angiocardiography, cholecysto
graphy, urography, bronchographJ , or myelography; iodinated amebicidee (chiniofon, 
iodochlorhydroxyquln, and dUodoJo:. Ul'Oxyquln); vaginal suppositoriee euch ae Floraquln, 
which contains· diiodohydroxyquin; pentc~.llln G dletf\ylaminoethyl eeter hydrtodtde (Neo
penU); and iodothiourac tl. 

Preparations contalnlng lnorgt nlc iodine Include ~ugol's solution, tincture of iodine 
and syrup of hydriodlc acid. Certs In vitamin and cod liver oU preparation& may also be 
rich in iodine, while barium eulfah ie said to give rise to elevated protein-bound iodine 
due to contamination iodine. Sullo ,romophthalein (Bromsulphaleln) though not con
taining iodine, also causes appare 1t elevation of plasma protein-bound iodine. 
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Reference: 

moN 
Serwn 

l''lster, H. J., "Manual of Standardized Procedures for Spect~ophotomctrlc Ch~m
istry." Standard Scientific Supply Co., New York City, N.Y. (1950). 

Principle: 
A sample of plasma or serum is incubated with hydrochloric acid. The protein ls 

then pret:ipitated and the ferric ion (FeN7) is reduced to the ferrous state with hydro
q.ulnone. The ferrous ion is then reacted with a-a' dipyridyl to form an intense red 
colored complex (Blau reaction). 

Apparatus: 
1. Ostwald-Folln pipet accurately calibrated to contain 4. 00 ml. 
2. Coleman spectrophotometer, with small cuvets. 

Reagents: 
1. Water, distilled, iron-free: Redistill distilled water in an all-glass pyrex dis

tillation apparatus until iron-free. 
Test for the presence of iron: Treat 10 ml. of water with 1 ml. concentrated 

hydrochloric acid, 0 . 1 ml. concentrated nitric acid, 4 ml. 3 ;:! potassium thiocyanate 
and 2 ml. iso-amyl alcohol. Shake thoroughly and allow the alcohol layer to separate: 
a colorless alcohol layer indicates the absence of iron. Use this test for all reagents 
and standards and,where indicated in the test procedure. 

2. Hydrochloric acid 0. 3 ~· Add 30 ml. of concentrated hydrochloric acid to 1000 
ml. of water . 

3. Trichloroacetic acid 20 per ~ent aqueous. Add 20 g. of trichloroacetic acid to 
100 ml. volumetric flask and dilute to mark with water. Mix well. 

4. Sodium acetate, saturated aqueous. Place 130 g. of sodium a.cetate, crystal
line (NaC2H3o2·3H20) into a bottle and add 100 ml. of water. Note: complete satur
ation is essential , excess crystals should be present. 

5. Hydroqulnone, 1 per cent aqueous. Dissolve 0. 5 g. 1n 50 ml. of water. This 
s;,luUon must be made fresh each day. Ascorbic ncid may be substituted for hydroqutnonc. 

6 . a-a' dipyri~l, 0.2 per cent aqueous. Dissolv~ 200 mg. in 10 ml. of water 
and dilute to 100 ml. Reagent- must be colorless. Discard 1f colored. Keep In brown 
glass bottle in refrigerator. 

7. Iron &'tandard: 
(a) Iron Stock standard: (1 ml. contains 1, mg. of ferric ion). Thoroughly 

clean a small piece of iron wire of known iron content (special for standardization, 
usually 99. 85 per cent Fe) with fine emery cloth or paper until shinlng and free of 
rust and dirt. (A sample of ingot iron Dl:RY be used. This may be procured from 
National Bureau of Standards, Washington, D~C.) Knowing the iron content, weigh 
out an amount of wire that contains 100 mg. of iron. Into a 250 ml. flask place 10 ml. 
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of concentrated nitric acid and approxim~tely 40 ml. water. llcat to bot ling (l~cntly) 
and add wire, boll (t~cntly) w1tll completely dissolved aud one minute lont~cr, cool and 
transfer to a 100 ml. volumetric flask, dtlute to the mark with water. 

(b) Dilute standard: (1 ml. contains 0. 01 mr,. Fe): Place 1. 00 mi. of stock 
standard in 100 ml. volumetric flask and dilute to the mark with \Vater. 

Procedure: 
1. Into a 15 ml. centrifuge tube, place: 

2 ml. of HCl 0. 3 ~ and 4. 00 ml. of serum or plasma (rinsing out pipet several 
times 1n the tube.) Mix well, especially notlng the Up of the centrifuge tube, 

2. Place in water batll' for one hour at 37° c. 
3. Add 2 ml. of 20% trichloroacetic acid ru·opwise with shaking, 
4. Stopper and shake tube vigorously. 
5. Allow tube to stand at room temperature for one hour. 
6. Centrifuge at high speed (2000 rpm) for 15 minutes. 
7. Into a small cuvet place 4. 00 ml. of the clear supernatant fluid, 
8. Into another cuvet place in order: (Reagent blank,) 

2. 00 ml. of water 
1.00 ml. 0.3 N HCl 
1. 00 ml. trichloroacetic acid 20% 
Mix well 

9. To each cuvet add in order: 
0. 5 ml. saturated sodium acetate 
0. 3 ml. hydroquinone 
1. 00 ml. a-a' dipyrldyl reagent 
Mix well 

10. Allow to stand for one· hour at room temperature. 
11. Read transmittancy of the sample against the reagent blank set at 100 per cent 

transmittance at 520 mu. 
12. Read the concentration from the calibration curve or calculate by comparison 

with a standard run simultaneously. 

Calibration 
In a series of seven accurately calibrated 10 ml. volumetric flasks place respec

tively 0, 1, 2, 4, 6, 8, 10 ml. of the dilute standard (0. 01 mg. /mi.) and dilute to volume 
with iron-free water. 

These standards represent concentrations of iron equivalent to 0, 0 .1, 0. 2, 0. 4, 
0.6, 0.8, 1.0 mg. per 100 ml. of sample . (Prepare just before use). 

Tranofer 2 ml. of each.callbratlon standard to a correspondingly marked cuvet. 
To each cuvet, add in the order named, mixing after each addition. 

1 ml. 0.3 N HCl 
1 ml. trichloroacetic acid 20% 
0. 5 ml. saturated sodium acetate 
0.3 Dli. hydroqutnone 
1 ml. a-a' dipyridyl 

Allow to stand at room tempcrat .. re for one hour. Set the zero concentration 
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standard at 100 per cent transmittance at a wavelenr:th of 520 mu, and record the 
transmittancy of the 0.1, 0. 2, o. 4, 0. 6, 0. 8, and 1. 0 mg. per cent standardo. (The 
transmittancy of the 1. 0 mg. stllndard ls approxJmately 26 per cent. ) 

Plot the observed values on eeml-log graph paper (or convert to optical density 
and plot on linear paper). (The points fallln a straight line which passes through the 
orlgln.) · 

Use thlegraph to find the concentrations of unknowns . . 

1'!2!!!.: 
1. Plasma or serum from blood must be withdrawn during postabsorptlve state: 

The following precautions should be carefully observed to prevent' hemolyals. 
(SUght traces are of no consequence but samples showing gro11 hemolysis cannot be 
used.) 

Withdraw blood with mlnlmum sta~ls, using absolutely dry eyrlngea and stain
lese steel needles (gold or platinum needles are. preferable) and allow the syrmge to 
flll without exerting suction wtth the plunger. Reinove needle from syringe and allow 
blood to now slowly down the etde of the collection tube without pressure on the plunger. 
For plasma analysts use sodium citrate as antl•c:oagulant. (Fluorides, oxalates and 
tungstates interfere.) Analyste ls preferably made on serum. ·The plasma or serum 
muet be separated from the red cells within one hour after the collection of the sample • 

2. It ls advisable to run a standard along wtth each determ~atlon instead of relying 
upon the constancy of the callbratlou. curve • 

. Interpretation: 
The normal ransr:e of values ts: 0. 08 to 0. 18 mg. serum iron per 100 ml. serum. 
Increased values are seen tn hepatitis, hemochromatosis and pernicious anemia. 
Decreased values are seen 1n the Iron deftclency anemias. 
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}lcfcrcncc: 

lUON-lliNDING CAPACITY 
Dlood 

Varley, Harold, "Practical Clinical Biochemistry", Intersclence Publishers Inc., 
N.Y., N.Y.; page 324 (1954). 

Ventura, S., ~termination of the unsaturated iron-binding capacity of serum. 
J. of CUn. Path. !. 270-274 (1962). 

Principle: 
The iron in the plasma is bound to a specific Iron-binding component of the beta

globulin, only part of which is saturated in normal plasma. :_rhe iron protein complex 
is red, so that it is possible to measure the unsaturated ir.an-bindlng capacity, that is, 
the amount of iron which can be taken up by this serum globulin. A solution of an iron 
salt is added to the serum, and the increase in red color is read on the Beckman 
Spectrophotometer. From this reading the per cent of saturation and the Total Iron 
Binding Capacity JIU1¥ be found if the results of a Serum Iron determination are also 
known. 

Apparatus: 
1. Beckman DU Spectrophotometer with four quartz cuvets. 

Rear;ents : 
1. Iron Standard: 35. 2 mg. of reagent grade ferrous ammonium sulfate, 

Fe(NH,V2(S04)2•6H20, and ... 20 ml. of 1 N acetic acid is diluted to 1000 ml. using 
Iron-free, triple distllled water. Mix well. This gives a standard with a concentra
tion of 5 micrograms of iron per ml. of ~olution. 

2. Sodium Chloride Solution: 0. 85 gm. oi pure, dry sodium chloride is added 
to a 100 ml. volumetric flask' and diluted to the mark with triple distllled water. 

3. Water: The water used in every step of this determination should be triple
distllled and iron-free, preferably given a final distillation in all glass apparatus. 
Since the color is very sensitive in this test, even trace quantities of Iron in the water 
will profoundly alter results. 

Procedure: 
· 1. A 20 to 26 ml. specimen of clotted blood is required; at least 6 ml. of serum 

is requJred for the test. 
2. Using six test tubes, which have been rinsed at least 5 times with iron-free 

water, number them B, 1, 2, 3, 4, and 5. Add exactly 1.0 ml. of clear, unhemolyzed 
serum to each tube. 

3. To each tube add exactly L 5 ml. of sodium chloride solution. Mix thoroughly 
with serum. 

4. Add to the tubes the proper proportions of sodium chloride and iron standard 
as given in the following table: 
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Tube Iron Standard Sodium Chloride 

B 0. 0 ml. 1. 0 ml. 
1 0. 2 ml. 0. 8 ml. 
2 0. 4 ml. o. 6 ml. 
3 0. 6 ml. 0. 4 ml. 
4 0. 8 ml. 0. 2 ml. 
5 1. 0 ml. o. o ml. 

5. Stir the contents of each tube well with stirring rods. Allow to stand six min
utes for full color development. 

6. Transfer the solutions to quartz cuvets for reading on the Beckman DU. Read
ings are mnde at 520 mu using tube B for the :blank. The serum has become saturated 
when the optical density has reached a maximum. 

7. The number on the first tube to reach saturation is multiplied by 100 to give the 
amount of iron in micrograms per cent needed for saturation. When Total Iron-Binding 
Capacity is requested, this result is added to the results of a serum iron determination. 
on the same sample of serum. 

be: 
Example: The optical density readings on a given sample of serum were found to 

1. 
2. 
3. 
4. 

0.40 
0.56 
0.65 
0.64 

5. 0.65 
Tube #3 is the first tube to reach saturation, hence the number 3 ls multiplied 
by 100. 

3 x 100 = 300 micrograms% (0. 3 mg.%) 

To calculate the total iron-binding capacity, this result is added to the results 
of a previous serum iron which was found to be 0.16 mg.%. Thus: 

0.16 (Serum Iron) 
0. 3 (Iron-binding Capacity) 
0. 46 mg.% (Total Iron Binding Capacity) 

Interpretation: 
Following are accepted normal values for the normal adult male and female, given 

in mg. per cent. 
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Normal Male Normal Female 

Iron-Binding 0.150 - o. 222 0.144 - o. 322 
Capacity (Aver. o. 205) (Aver. 0.194) 

%Saturation 30%- 44% 30%- 44% 
(Aver. 34%) (Aver. 33%) 

Total Iron-Binding 0; 254 - 0. 432 0. 224 - 0. 415 
Capacity (Aver. 0. 311) (Aver. 0,288) 

In iron deficiency, while serum iron is lowered, there is an increase above nor
mal in both the unsaturated iron-binding capacity and total carrying capacity of the 
serum. This is in contrast to infection in which serum iron is similarly reduced, 
but. where the iron-binding capacity and total capacity are reduced as well. A high 
serum iron and high percentage of saturation of the iron-binding protein is found 1n 
refractory anemia, pernicious anemia, hemochromatosis, liver disease, and trans
fusion hemosiderosis. 
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NEUTUAL 1'1-KE'rOS'fEHOIDS 
Urine 

(l) Callow, N., Callow, R., Emmcne, C.: Colorimetric dctermlnaUOD of -•ub
stanccs containing the grouping -CII2• CO- in urine exlrn.cts as an indication of andro
gen content. Biochcm. J. 32, 1312-13~1 (1938). 

(2) Engstrom, W., Mason., H.: A study of the colorimetric assay of urinary 
I 

17-ketosteroids. Endocrin. 33, 229-238 (1943). 

Principle : 

The 17-ketosteroide are separated from their·water soluble conjugat.ea ·by ~droly
sis with concentrated HCI. They are then extracted from the hydrolyzed urine With 
ethyl ether. The ether extract is washed with sodium 1\Ydroltlde and dlsUlled water to 
remove all phenolic and acidic impurltles, and finally evaporated to dryness. The -resi
due is taken ·up in absolu~ ethanol. An aliquot of this alco!kolic urine extract iii trea~d 
with potassium hy~roxide and m-dlnttrobenzene to dev.elop a red-green color which l• 
compared wlth a standard in the spectrophotometer. 

Apparatus: 

1. Coleman Junior Spectrophotometer, Model GA 

2. 12 matched round cuvettes, 19 x 150 mm. 

Reagents: (All chemicals used should be of Reagent Grade) 

1. Hydrochlorlc~cld: concentrated analytical grade 

3. 2N Sodium Hydroxide Solution: 80 grams of NaOH pellets are dis•olved lD 
500 ml. dlstllled water 1n a 1 liler Pyrex volumetric flask, and diluted .to the mark whea 
cool. Preserve in a 1 liter polyethylene -bottle. 

4. ~!hanol: Dehyrated, N. F. 

5. m-dinltrobenzene: The Reagent Grade compound should be rec:rystalllzed once 
from ethYl alc-;;hol andcarefully dried before using. The purified compound should be 
stored in a tightly stoppered ambe( bottle in a cool, dark place. For use 1n this proce
dure, 0. 50 grams of the purlfted crystals arc dissolved In exactly 25 ml. of deeydrated 
ethanol to make a 2c.o alcoholic solution. The solution when stored 1n an amber bottle at 
room temperature will keep for about 30 days. 
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6. SN Pota~:>siurn llydt·oxl<k-: ·15 l~t·ams of the Ht':tr;ent Grade pellets arc dissolved 
. 75 ml. of distilled water and then diluted up to the 100 mi. mark ln a volumetric flask. 

The solution is cooled to 15°C. in the refrigerator :md then diluted to the mark. The 
normality ~hould be checked by titration with a primary standard. The solution should be 
stored ln a polyethylene bottle and tile Utre of the solution checked and corrected every 30 
d.'lys. 

7. !?ill!!!I_!g~lcohoJ: 400 ml. of 95% alcohol is placed in a 500 ml. graduate and 
diluted with distilled water to the 500 mi. mark .. Store in a glass stoppered bottle. 

8. Dchydrolsoandrosteron..£_Standud: 25m~. of the ~teroid is dissolved in exactly 
25 ml. dehydrated ethanol and stored in a glass stoppered bottle in the :refrlgera.tor. 
This ls the stock solution with a concentration of 1 mg./ml. The working standard is 
made by carefully diluting 2 ml. of the stock standard with 6 ml. of dehydrated ethanol 
in a 10 ml. graduated cylinder and mixing well. This ~lves a working concentration of 
0. 25 mg. per ml. The working standar~ is stored at .room temperature. 
(Pure dehydroisoandrosterone may be purchased from Sigma Chemical Co. , 4648 Easton 
Ave., St. Louis 13, Mo.) 

Procedure: 

1. Accurately measure and record the total volume of the 24 hour specimen. 

2. In a 250 ml. Erlenmeyer flask, place a 100 ml. aliquot of the urine. Add 15 ml. 
of concentrated hydrochloric acid and two hard glass beads. Place a funnel in the neck 
of the flask to preven~ splattering, and bring the contents of the flask to a boil on a hot 
plate. Continue to boil GENTLY for exactly ten minutes. 

3. Immediately cover the flask with a 50 ml. beaker after removing flask from heat, 
and place in refrigerator until urine reaches room temperaturf} or below. 

4. Place cooled urine in a 250 ml. separatory funnel and extract with one 100 ml. 
and two 50 ml. portions of ether. Combine the ether extracts . Discard extracted urine. 

5. Wash the combined ether extracts with 15 ml. portions of 2Ji NaOH until the 
aqueous phase is colorless (usually three washings is sufficient). Discard washings. 

6. Wash the ether extracts with three 15 ml. portions of distilled water. Discard 
washings. 

7. Evaporate the ether extract in a 250 ml. glass evaporating dish to dryness in a 
rapid stream of air in the hood. Under no circumstances ftould heat be applied to hasten 
the evaporation of remaining traces of water. 

8. Using a glass rod with a rubber policeman, the residue is taken up quantitatively 
in exactly 2 ml. of dehydrated alcohol, and stored temporarily in a glass stoppered 5 ml. 
graduate. 
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9. A t£>st tulx- r.lck is scl'up wlth 19 x 150 mm. cuvt'tles: one cuvcU.c marked 
"RB" for Ueagcnt blank, om~ marked "S" for StlUldard. Two <'uvctlc~ arc required 
for each sample to be run: one olark!!d "T" for Test and onl~ marked "U" for urine 
blank. A Urine Blank is run to correct for c>.1.raneout> color from urinary chromogens. 
Using 0 . 2 ml. pipettes (Serological), add the following rc:tgcnts to the appropriate 
cuvettcs in the exact order given: 

TEST · "T" (One for each sample) 

0. 2 mi. alcoholic urine extract 
0 . 2 mi. 2% m -dinitrobenzene 
0~2 mi. 8N KOH 

!!RlN~BLANK "U" (One for each sample) 

0 . 2 ml. ethanol 
0-2 ml. alcoholic urine extract 
0. 2 ml. 8N KOH 

REAGENT_!JLANK "RB" (Only one required) 
0. 2 ml. ethanol 
0. 2 ml. 2% m-dinitrobenzene 
0.2 ml. 8N KOH 

~TANDARD "S" (Only one requ\re" 
0. 2 ml. dehydroisoandrosterone standard solo. 
0. 2 mt. • 2% m -dlnltrobenzene 
0. 2 ml. 8N KOH 

10. Mix the contents of each cuvette well. Place all tubes in a dark place at room 
temperature , allowing exactly 20 minutes for color development. At the end of this 
time add 10 ml. of diluting alcohol to each tube using a Hr nil. volumetric pipet . . 

11. Read all tubes within 7 minutes in the Coleman Spectrophotometer se t at520 mu. 
The instrument. is first set to read 100% transmission using the Reagent Blank and the 
Standard and all Tests "T" read as % transmission against it. Next the instrument is 
reset at 100% transmission using distUied water, and all Urine Blanks "U" read. 

Calculations: --- -----
1. Convert all readings in% transmls sion to their corresponding optical density 

from an appropriate conversion chart. 

2. To calculate the amount of 17 -ketoste roids as mg%; Substitute · readings in 
optical density in the following formula: 
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Concentration = iOD of Test "T") - (OD of...!Jrlne Blank "~ x 0 .I 
(OD 'Of the Standard "8") 

'J'he factor 0. 5 in the above equatloa is derived from the Standard Photometric 
Equation (p. 57) • 

3. Total Ketosteroid Content of 24 hour specimen: Substitute appropriate values 
tn the following equation: 

~~£:__!!1_~ x Total Vt,lume In mls. ::; mg. per 24 hour volume. 
100 

Example: A 24 hour specimen (;ubmltted was .measured and found to have a 
Total Volume of 3590 ml. Readings on the Spectrophotometer were found to be: 

Test "T" - 73. 25% 
Urtrie Blank "U" - 97.50% 
Standard - 48. 50% 

(OD • 0. 1352) 
(OD = .0. 0110) 
(OD = 0. 3140) 

Substituting In the first equation (Step 2) the concentration ln mg.% was found 
to be 0. 20 mg.%. 

0.1352 - 0.0110 x .5 = 0.20 mg.% 
0.3140 

To calculate Total Ketosteroid Content', the concentration ln mg.% was divided 
by 100 and multiplied by the total volume of the 24 hour specim!n ln mle. and 
found to be 7. 11 mg. per Total Volume. 

4. The results of analysis are reported In the following manner: 

Total Volume • . . . . . . . • . . • . • . . • cc 
17 Ketosteroid& ........... :. . • mg.% 
Total 17 Ketosterolds . . • • • • . • • mg./T.V. 

In order to constantly produce accurate results with this procedure, instructions 
should be very carefully followed. Slight errors can often produce abnormally high or 
low results. 

The greatest errors in hydrolysis and extraction may be due to: 

1. Too vigorous bolllng during hydrolysis, or bolling longer than the prescribed 
10 minutes. THIS I S ONF. OF THE BIGGEST SOURCES OF ERROR. 
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2. F:.lilur~ tl) completely J't~movt• plwnolic anu acidic impurities in t.he ether extract 
wffh 2~ NaOll. The aqueou~ pha::w should be completely colorless during the last wash
Ing, 

3. Fnilurc to wash the last traces of NaOH fr"m the ether extract with distilled 
water. 

4. Failure to take up the residue from the ether extract in ethanol completely. 

The most sensitive part of the procedure is in color development, and is the section 
in which most of the errors are made. Major sources of error include: 

1. Inexact preparation of reagents; especially with 8N KOH. The normality of the 
KOH should be as nearly 8. OOO,tl as is possible, and the titer should be checked fre
quently - at least every 30 days. 

2. Failure to allow all reagents to reach room temperature before beginning color 
development. 

3. Improperly cleaned cuvettes. Cuvettes should be washed . thoroughly, rinsed at 
least 3 times with tap water and finally, 3 times with distilled water. They should be 
thoroughly dry and free from dust and lint before using. 

4. Inexact color development time. Color development should be exactly 20 min
utes from the time S!:f KOH is added to the cuvettes until diluting alcohol is finally added 
before reading. 

5. Standard "8" Reading: All results depend greatly for their accuracy upon the 
reading of the standard. The standard MUST read from 45. OQ% to 51.00% transmlsfion; 
48.50% optimum. Whenever" the Standard is not within this range, all cuvette solutions 
should be discarded and the whole color development procedure repeated, using clean 
cuvettes. 

17 -Ketosteroids in varying quantities are normally excreted in the urine of all indi
viduals, the amount depending upon age and sex. Normal 24 hour values include: 

Adult Male 
Adult Female 
Children (under 5) 
Children (5 to 12 yrs.) 

10 to 22 
6 to 18 
1 to 3 
2 to 6 

mg. 
mg. 
mg. 
mg. 

This test serves as a valuable index of testicula1· and ::~drcnocortical activity, and 
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C(>rta.in dit~easel' caut~e an abnormally high or low output, DtHordcre of the tcstcfl, 
adrenal cortex, and ant.erJor pituitary can profoundly affect. 1'1-kctORtcrnJd cxcrcUon, 
rising as high as 800 trig. per dJem in rare ca.scs of rnaflcuUntzJng tumor~~ of the 
testes, or dropping as low as 0. 2 mg. per diem In Addiflon'e dlecuc or raneypo
pituJtarism. 
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LIPM:E 
Of Pane J'nnl.l t if; 

nt!ft~ J't!IH't~ E;: 

1 . Ch~~rry, I. S., and Crandull, L, A., Am .• J. f'hysiol...!_~~. 266 (J.0:-12) 
2. Henry, R. J., Sobel, C., und Berkman, S., Clin. Chem. _!!, '/7 (195'/) 
3. Gomori, G. , Am. J . Clln, Path. 27, 1'/0 (1957) 
4. Bwtch·, L. ·D., and Emerson, R . L., Clln. Chcm. 2, '/5 (1956) 
5. Archibald, R. M., J. Blol. Chcm, 165, 443 (1946)-

Principle: 
Serum is incubated wlth: .n olive-oil emulsion substrate. Lipase activity results 

in splitting of the glyceryl-fatty acid eater bOnd with the liberation of free fatty acids, 
The amount of action is deter !~lined by titrating the liberated fatty acids with standard 
alkali using thymolphthalein as the indicator. A glass electrode pH meter may also 
be used to detect the ~nd-poin:t. 

Reagents: 
1. Olive-oil emulsion OUve oil may be purifiedas follows: 

Gum acacia 12.5 g. Wash 100 ml. ·of olive oil with .thorol\gh 
Olive oil, 50 ml. shaking in a separa.tory funnel, once with 
Distilled water 100 ml. 100 ml. of 0. 5% NaHC0

3 
and then twice 

Sodium benzoate 0. 2 g. wi~ll water. 
Dissolve the gum acar ia and the sodium benzoate. in the water. Add the olive oil 

and emulsify by passing the mixture through a hand homogenizer unt11 a smooth emul
sion resuits, usually 3 to 5 times. Store in the refrigerator. Shake well before using . 
Preferably pass the emulsion through the homogeni:~er just prior to use or prepare 
fresh each day. 

As an alternate,prepa:ration method, emulsify at high speed for 15 minutes 1n 
a Waring blendor. 

2. Phosphate buffer 0. 6'1 !! pH '1. 6 
Na2HPO 4 • 7H20 15. '1 g. 
KH2Po4 anlwct. 1. 2 g. 

Dissolve the salts in 1listilled water and dilute up to about 1 liter. Add one ml. 
toluene and keep in refrigerator. 

3 . Alcohol-ether mixture. 
Add 9 parts (by volUllie) of 95% ethyl alcohol to 1 part dicthyl-ether. 

4. Thymolphthalein indicator . 
0. 4 g. of the indicator are dissolved in 50 ml. 95% ethyl alcohol and then 

50 ml. of distilled water are added. 
6. 0. 05 ~ NaOH. The precise normality muat be known. 

Dilute 6 ml. of 2. 5 N NaOH up .to 250 ml. and standardize against standard 
acid using thymolphthalein ,111 the indicator . 
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Procedure: 
1. Prep:ue substrate-buffer mi>..iure by mixing 5 volumcs of phosphate buffer with 

one \'olumc of oliYe oil emulsion by stirring. The pH of the buffered substrate should 
be close to 7. 5. 

2. M~asure 12 ml. portions of the substrate-bu!fer into test tubes (or flask~<) 
using 2 tubes for each determination. Warm tlte tubes of substrate buffer mixture to 
370 in a water bath. 

3. Add 1. 0 ml. serum to one of the tubes and mix thoroughly by gentle inversion. 
The second tube will serve as the blank. Incubate both tubes for 4 or for 16-24 hours 
at 37°C. 

4. ·At the end of the incubation period, add 1. 0 ml. of serum to the blank. 
6. Immediately pour the contents of the tubes into a 100 ~1. beaker and transfer 

completely by rinsing out the tube with 60 ml. of the 9:1 alcohol-ether mixture. :AUx 
well with a glass stirring rod. 

6. Titrate the mb .. 'tures with 0.05 !i NaOH to a ''distinct"· blue using 4-6 drops of 
thymolphthalein in,dicator (or titrate to pH 10. 65 using a glass electrode pH meter.) 

Calculation: 
The final result is expressed in terms of the volume of 0. 05 ~ NaOH required to 

titrate the fatty acid liberated by 1 ml .. of ~~-~'um in 4 or in 16-24 hours. 

Example: A serum sample gave these results for the blank and test sample: 

Test sample 
Blank II 

8. 20 ml. 0. 06 ~ Na:OH 
3. 30 ml. 0. 06 ~ NaOH 
4. 90 ml. difference 

Since 0. 06 ~ NaOH was used 

4.90 x (0.06/0.05) = 6.88 units/mi. serum 

Interpretation: 
The determination of "lipase" ta moat often requested as an aid in the diagnosis 

of acute pancreatitis. The lipolytic enzyme found in serum of patients with acute pan
creatitis apparently is inactive when tested with substrates of low molecular weigh~ 
such as tributyrin or ethyl butyrate, but active when tested with high molecular weight 
substrates such as olive oil or triolein emulsions. (See Esterase, p. 164. ) 

Normally there are present in serum
1
llpolytic enzymes (esterasea) active when 

tested with low molecular weight substrates but little or none of th~ enzyme active 
when tested with high molecular weight substrates (Upaaes). 

The values found for "lipase" in cases of certain disease states are listed below: 
Condition 4 hour lipase 16-24 hr. Upase 

Normal 0.31 (0.06- 0.89) (0.2- 1.5) 
Acute pancreatitis 2 - 10 slmilarly elevated 

Note: 1. The incubation may be carried out in Erlenmeyer flasks to avoid subsequent 
transfers. 

2. The addition of alcohol-ether may be eliminated1U prcferred,tf good stirring 
and a slow approach to the end point is made. 
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MAGNESIUM (Titan Yellow) 
Serum 

References: 
Neill, D. W. and R. A. Neely; The estimation of magnesium in serum uslng titan 

yellow. J. Clin. Path.,!, 162 (1956). 
Heagy, F. C.; Use of polyvinyl alcohol in the colorimetric determination of mag

nesium In plasma or serum by" means of titan yellow. Can. J. Research, 26E, 
295 (1948). -

Principle: 
The blood, serum, or plasma proteins. are precipitated by means of tungstlc acid. 

An aqueous solution of titan yellow is added to the water-clear filtrate, and sodium 
hydroxide Is added to develop the red magnesium hydroxide-titan yellow complex. Gum 
ghattl is used to stabllized the color lake. 

Reagents: 
Gum ghattl 0.1%. Powdered gum ghatti, 0.1 g., is suspended 1n a muslin bag in 

100 ml. of distilled water for 24 hours. (Polyvinyl alcohol 0.1% can be used in place. 
of gum ghatti. ) 

Titan yellow 0. 05%. The dye powder, 0. 1 g. , is dissolved in 200 ml. distilled 
water. 

Stock Standard Magnesium Chloride. 8. 458 g. of MgCl · 6H 0, Is dissolved in 
dlstllled water and made up to one liter. This solution contains f, 000 micrograms 
magnesium per ml. 

Working Standard Magnesium Chloride. One ml. stock standard solution is di
luted to 200 ml. with distilled water to give a concentrati.on of 5 micrograms of magne
sium per ml. Volumes of 1, 2, 3, 4, and 5 ml. made up to 5 ml. with distilled water 
in each case and representing. 5, 10, 15, 20 and 25 micrograms of magnesium are 
used 1n setting up the standard curve. 

Calcium Chloride. 16. 13 mg. of CaC12 · H20 is dissolved in distilled water and 
made up to 100 ml., to give a final concentration of 0. 05 mg. Caper ml. 

Sulfuric Acid 0. 67 N (reagent grade). 

Sodium hydroxide 4 N (reagent grade) . 

Sodium tungstate (Na2 Wo4 · 2~0) 10%. 
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Procedure: 
1. One ml. of serum is dllutcd wU.h 5 ml. of distilled water. 
2 . Add 2 ml. of 10% sodium tungstate and 2 ml. of 0 . 67 N n2so4 • 
3. Mix and then centrifuge for 5 minutes at 2500 rpm. 
4. To 5 ml. of the protein-free supernat.'Ult is added 1 ml. dlstJllcd water, 

1 ml. 0.1% gum ghattl, 1 ml. 0.05% titan yellow solution and 2 ml. 4 N NaOH. 
5. A reagent blank us~g 1 ml. CaC12 solution containing 0.05 mg. Cald~n lu 

place of serum is treated slmilarly to the test. 
6. Compare photometrically at 540 mu. Set the photometer to read 100% trans

mittance against water. 

Standard Curve : 
Readings of optical density are converted to magnesium ~oncentrations by refer

ence to a standard curve. 
Prepare the standard curve by carrying out the above color reactions on 5 ml. 

samples of solutions containing 5, 10, 15, 20, and 25 micrograms of magnesium re
placing the 1 ml. of distilled water added to the protein-free supernatant in the test 
with 1 ml. CaC12 solution contain.tng 0.05 mg. calcium. The standard blank is 5 ml. of 
distilled water. 

Calculations: 

Magnesium 

where: c8 
O.DT 
O.D8 

Example. 
0.~ 
O.D8 
O.DB 
cs 

O.DB 

O.D.T O.D.B 
= ------~--------~ O.D.9 O.D.B 

X Cs X 100 
0 . 5 

: amount of Mg in standard in mg. 
= optical density of test solution 
: optical density of standard 

= optical density of reagent blank 

0,600 

0.575 
0.515 
0 . 01 

Then: 0.600 - 0.515 X 0.01 X .!Q!_: 2.83 mg. Mg/100 ml. 
0.575 - 0.515 0.5 

The value can also be obtained from the standard curve. 

Interpretation: 
Normally about 1 to 3 mg. of Mg are found in 100 mi. of serum and about 1. 6 mg. 

per 100 ml. of blood. 
Decreased Mg levels have been oboerved in severe renal disease, toxemia of 

pregnancy and chronic alcoholism. Increased Ug levels have been observed in Mg 
poisoning from the ingestion of epsom salt in severe renal dise'aae. 

210 



References: 

MAGNESIUM 
Serum 

1. DrlggtJ, A. P., J . Dlol. Chern. 52, 349-356 (1922). 
2. Dennis, W., J. Dlol. Chern. _52 1 411 (1922). 
3. Fiske, C. H., J. Blol. Chern. 66, 375 (1925). 

Principle: 
Magnesium is determined in the aerum following removal of calcium. The magne

sium is precipitated as magnesium ammonium phosphate (MgNH4PO · 6H
2
0). This 

compound is treated with ammonium molybdate to form phosphomolytdic acid, which 
Is then reduced to molybdenum blue by semidlne or amino-naphthol-sulfonic acld. The 
molybdenum blue (uncertain composition) is then determined photometrically. 

Reagents: 
1. 2% (w/v) potassium dihydrogen phosph;lte. Pisaolve 2 g. KH2P0

4 
(reagent 

grade) in 100 ml. water. Filter this solution each time just before use. 
2. Ammonium hydroxide. Concentrated reagent grade (sp. gr. 0. 9). 
3. Alcoholic wash solution. Add 200 ml. of 9S% (v/v) ethyl alcohol and 6() ml. con

centrated ammonium hydroxide to a 1000 ml. volumetric flask. Ftll to the mark with 
water and :.nix thoroughly. Keep in refrigerator. 

4. Ammonium molybdate reagent. 0. 0083 N. Place 2. 566 g. of reagent grade 
ammonium molybdate in a 250 ml. volumetric flask. Add slowly about 175 ml. of dis
tilled water and 35 ml. concentrated H2so4 (sp. gr. 1. 84) while swirling the flask. 
Then add water to the leve 1 of the neck of the flask and allow to cool. Now add water 
to the mark and mix. 

5. N-phenyl-p-phenylenediamine monohydrochlorlde (semldlne-Eastman Kodak Co. 
12043). Place 50 mg. of the salt in a 100 ml. volumt~tric flask. Wet the salt with a 
few drops of ethanol and fill the flask to the mark wU.h 1% aqueous sodium bisulfite 
solution. Shake the flask vigorously while fllllng. Filter the resultant cloudy, purplish 
solution, and store the colorless, clear flltrate in a brown bottle In the refrigerator. 
Discard this .reagent when the blank becomes excessively colored. 

6. Amino-naphthol-sulfonic acid (may be used instead of semldine). Dissolve 30 g. 
of sodium bisulfite (NaHS03) and 1 g. of sodium sulfite (Na2so3·7H.20) in 200 ml. water. 
Add 0.5 g. of 1-amlno-2-naphthol-4-sulfonlc acid and mix thoroughly. Place in a dark 
glass bottle. Thls colorless solutJon develop a a yellowish discoloration after about two 
weeks. Thus, it must be discarded at that stage. 

7. Phophorus stock standard. Place 438.1 mg. of potassium dlhydrogen phosphate 
into a 100 ml. volumetric flask. Add water to the mark. Dilute 20 ml. of the stock 
standard to 1000 ml. with distilled water for use as a working standard. Each ml. of 
the working standard contains 0. 02 mg. of phosphorus. 
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Pt·occdurc: 
1. Follow steps 1-6 of the calcium procedure on page 119. Transfer the supernate 

obtained in Step 6 to a 12 ml. heavy duty centrifuge tube. 
2. Add 1 ml. of 2% KH

2
PO 4 and 1 mi. of concentrated ammonium hydroxide to this 

centrifuge tube. 
3. Mix thoroughly and help initiate precip!tatlon by rubbing the inside of the tube 

with a glass rod. 
4. Rinse glass rod with several drops of 'vater bef<?re removing. 
6. Stopper the tube and place in refrigerator for 2 hours. 
6. 9entrifuge at 1500 rpm for 30 minutes. 
7. Decant supernate carefully and discard. 
8. Add 6 mi. of chilled alcoholic wash fluid. Tap tube until the precipitate Is re

suspended. 
9. Centrifuge at 1500 rpm for 30 minutes and again discard the supernate. 

10. Add 5 ml. water and tap the tube to resuspend the precipitate. 
11. Prepare 2 standards in similar tubes . Place 2 and 4 ml. of phosphate working 

standard in these tubes respectively. Dilute to 5 ml. (by adding 3 and lml. ~0 re
spectively). 

12. To ea<:h tube add 0. 5 ml. molybdate reagent. 
13. Prepare the blank by adding 5 ml. waterand 0.5 ml. molybdate in a similar tube. 
14. To each tube add either 5 ml. semidlne reagent .2!: 0. 4 ml. amino-naphthol

sulfonic acid reagent. Mix each tube immediately after addition of this reugent. 
15. Let stand five minutes . Compare photometrically ln a photometer at 660 mu. 

Calculations: 
1. In a molecule of MgNH4Po4, 31 mg. of phosphorus is equivalent to24 mg. of 

magnesium. 
2. The working phosphate standard contains 0. 02 mg. P/ml. 

0 · 04 mg. P x 24 mg. Mg. x 1 meq. Mg. x 1000 = 1. 29 meq. Mg/liter 
2 ml. 31 mg. P 12 mg. Mg 

a. Thus the 2 ml. standard represents 1. 29 meq. Mg/Uter. 
b. The 4 ml. standard represents 2. 58 meq. Mg/llter. 

3. A calibration curve may be prepared by plotting optical density versus Mg in 
meq/liter on equal axis graph paper or the calculation may be made using the nearest 
standard. 

1000 x-- ~ 

2 
Mg (meq. /liter) 

For 2 ml. standard = (Du/Ds) x 0. 00258 x 1000 meq. /liter 
2 

- (D /D ) x 1. 29 roeq. / liter 
- U S 

For 4 ml. standard = (Du/ D
6

) x 2. 58 meq. /liter 
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.!!_efercncc: 

NITROGI:.:N (TOTAL) 
11~cro-Kjeldahl Method 

Hiller, A., Plazln, J., and VanSlyke, D. D.: J. Blol. Chem. 176,1401 (1948) 

Principle: 
By digestion with concentrated H

2
so and a catalyst such as copper sulphate, all 

of the nitrogen of the sample is conveheJ to (NH4)2so4 . The ammonia ls then liberated 
by making the solution strongly alkaline with NaOH. Distillation of the NH3 into boric 
acid solution is then carried out. The NH

3 
in the boric acid is then titrated with stand

ard acid. 

Reagents : 
1. Concentrated H2so4 
2. 10% CuS04 · 5H.20 
3. 40% NaOH. D1ssolve 40 g. of NaOH in water. Cool. Dilute to about 100 ml. 
4. 0.11f HCl, standardized 
5 . Boric Acid, 2% 
6. Mixed indicator, five parts of 0. 1% bromcresol gre~n in alcohol plus one part 

of 0. 1% methyl red in alcohol 
7. Zinc metal, mossy 

Procedure: 
1. Into a 300 ml. Kjeldahl flask pipet exactly 6 ml. of urine or 1. 0 ml. of serum 

(or other volumes of other materials; they should 1contain between 1. 0 and &_.0 mEq. of 
nitrogen). Add accurately with a cylinder 10 ml. of cone. H2so4. Add 2 mi. of 10% 
CuS04 · 5H20 solution. 

2. Digest on a digestion rack until the solution is clear and faintly blue-green in 
color. 

3. Cool. Add 150 ml. of H20. Mix. Cool •. 
4. Pour in, to run under the acid layer, 45 ml. of 40% NaOH solution. (DANGERJ 

Do not spill I) 

The acid layer above the NaOH prevents loss of ammonia. Add a small piece of 
mossy zinc to promote smooth boiling. 

Without shaking connect the flask through a spray trap to a condenser. 
5. Into a 250 ml. Erlenmeyer flask place 50 ml. (measured with a cylinder) of 2% 

boric acid, and 0. 5 ml. of mixed indicator solution. place t,he flask eo that the glass 
delivery tube at the end of the condenser dips just below the surface of the acid. Start 
water fiowing around the condenser. 

6. Now shake the Kjeldahl flask to mix up the acid and alkaline solutions. A deep 
blue color should appear. Heat the Kjeldahl flask and distill 100 ml. of liquid into the 
Erlenmeyer flask. 

7. When 100 ml. have distilled over, lower the Erlenmeyer flask until the delivery 
tube is out of the solution and distill a few ml. more to rinse out the inside of the tube. 
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Rinse outaldc of udlvcry lube wlth dlHtlllcd water usln~~ a waHh bottle. 
9, Titrate Ute ammonia wllh 0. 1 !!_ IICllo the loss of bluc;~rccn color and the ap

pearance of a "l~ray" or neutral color. Sec diucuaaion below. Determine the "blank" 
corrcctlon as directed below a.nd subtract it from the volwnc of acid used. 

Calculations: 
Take N as the normality of the standard acid, of which a total of A ml. was used, 

Bas the blmtk correction, and Vas the volume of 24-hour urine. Since a 1 molar solu
tion of NH

3 
contains 14 g. of N per liter, 

(A - B) x N x 0. 014 x (V /5) = g. nitrogen per 24 hours 

Discussion: 
The color change of the indicator is indicated by the following data: Blue purple -

pH 4, 5; Blue-green- pH 4. 9; pink -pH 4. 3. The end point being between the pink 
and the blue -where the solution appears gray. 

To determine the blank, introduce into a thoroughly clean 250 ml. Erlenmeyer 
flask 50 ml. of 2% boric acid, and 0. 5 ml. of mixed indicator solution. Add water to 
volume of the unknowns and titrate as above. This represents a titration (or indicator) 
blank. For a complete reagent blank a complete digestion and distUlation should be 
carried out Without adding a sample. 
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Hcfcrcnce: 

NON-PHOTEIN NffHOGEN lN Dl.OOD 
.M.icro~Kjcldahl Method 

Folin, 0., and Wu, H.: J . Blol. Chern, 38, 81 (1919) 
Hoffman, W.S.: J. Lab. and Clin. Med., · 25, 856 (1940) 

Principle: 
A protein-free filtrate is first prepared by the tungstic acid procedure. Then all 

organic compounds present in protein-free filtrate are destroyed by oxidation with a mix~ 
ture of H2so4 and H3 P04• All nitroge n present in these compounds is converted to NII

3
• 

The solution is diluted and added to alkaline Nessler's reagent, developing color in 
proportion to the amount of ammonium ion. Photometric coplparlson is made with a 
solution containing a known amount of nitrogen in the form of ammonium ion. 

Reagents: 
Use ammonia-free distilled water for all solutions and dilutions . 
1. Ammonium sulfate, stock solution. Dry some pure ammonium suliate in a vacu

um desiccator over a drying agent for 24 hours . Weigh out 0, 9434 g., dissolve in water, 
add 1 drop of cone . sulfuric acid, dilute to exactly 1 llte,r, and mix, 1 ml. contain ):I 0, 2 
mg. of nitrogen. 

2 . Am.nonium sulfate solution, dilute standard. Dilute :exactly 15 ml. oi the stock 
solution up to 100 ml. in a volumetric flask and mix. 5 ml, contains 0. 15 mg . of nitroge n. 

3. Alkaline Nessler's reagent for acid digestion mixtures. Dilute 135 ml. of stock 
mercuric potassium iodide solution (see Urea Nitrogen, p. 2.65) plus 800 ·ml. of 2. 5 li 
NaOH with water up to · 1 liter and mix. This solution should be made several days ahead 
of use . Any sediment that forms should be allowed to settle,, and only clear supernatant 
liquid should be used. The a.nount of alkali given here is adapted for the use of 15 ml. 
of the reagent in a total volume of 50 ml. of Nesslerized solution, when 20 milliequiva-. 

' . lentB of an acid are to be neutralized 1n the digestion mi~~e. 
4. Acid digestion mixture for non-protein nitrogen. Dissolve 0. 6 g. of CuSO 

4 
• 

5H20 in 100 ml. of water , add 75 ml. of cone. H2so4 and 25 ml. of 85% H3Po
4 

and 
mix. 

5. 2% Gum ghattl solution . Tie 2 g. of gum ghattl tears 1n a bit of washed gauze 
and hang for 24 hours near the top of 100 ml. of water in a cylinder . Use a few drops 
of toluene as a preservative. Discard the undissolved portion, mix, and filter through 
cotton . Keep in the refrigerator. Use 1 drop (about 0 . Op ml.) for each 10 ml. of final 
volume of Nesslerized solution. This acts as a protective colloid, 

Procedure: 
--1. Into a 25 x 200 mm. pyrex test tube graduated at 35 ml. place 5 ml. of tungsttc 
acid protein-free blood filtrate. Add 1 ml. of acid digestion mixture and a glass bead 
to prevent bumping . Using a microburner , boll off the water. Lower the flame as low 
as possible, and continue to heat until acid fumes (dense white) flll the tube. Then 
cover with a watch glass or n small funnel. See that the heat from the small flame does 
not Rtrlkc the tube obove the surface of the liquid. 
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2. The llquid lut'IIH dar!;. and tla·n 1~rowa lighlc:r. As aoon as all broWn oryellow 
cu,.,r h:w .di~:IIJJll'arccl, and lhc' color 1::; a faiul . bluc-,~rccn, cease hcaUng. The oonttog 
period ~ll(mld be a::; nhot·t :w potH>iblc. 

3. Allow to cool until I he tube can ht.~ handled, 
•l. Ad'd about 5 ml. of water and tll~tkl! sure all the syrupy liquid goes Into solution. 

D1 htfc to :\bout ~0 ml. and add 5 \h·ops of 2% gum t~hat.tl solution. Cool in a wtt.tcr bath 
I 

. () 
wit 1 the st.antl::trd to about !!0 ·C. Dllutc to exactly 35 ml., In a clean, dry 100 ml. beaker 
place exactly 15 ml. of Ncsalcr'a rca:!cnt (for acid di~csllon mlxturea) •. Rotate the lat
ter and pour in rapidly the 35 ml. of wt!mown aolution. Pour back and forth several · 
times to mix. 

5. Prepare a standard aolution. h1 n teat tube graduated at 35 ml. , place 6 ml. of 
stanrlard ammonium sulfn.te solution coutainin:; 0.15 mg. of nltrocen. Add 1 ml. of 
above (no heating required). Neaslerlze the standard; the unknown, and the· blank slmu
taneously and read in the photomete1' (515 mu) after io to 20 minutes. The bla.nk con
taining digestion mixture and gurr. ghattl, is treated in the same way as the standard. 

CalcuhUons: 
5 ml. of tun~stic a.cid filtrate corresponds to 0. 5 ml. of blood. Th~n the non-protein 

nitrogen (NPN) found ia: 
(Du/D

6
) x 0.15 x (100/0.5): (Du/D

8
) x 30. (mg. N.P.N./100 ml. blood) 

Comments: 
If a concentrated solution of phor.phoric acid is heated ~oo long or at too high a tem

perature, it attacks glaas. The resulting sil1cious material may cause turbidity at a 
later step. Such turbidity most often appears when there h1s been carelessness or lack 
of skill in the hcatin~. 

The process of Nesslerization is used frequently in biochemical work. After mixing 
the color increases gradually. Color is due to a colloidal solution of NH2Hg

3
I
3 

(formula 
in doubt). See Nichols and Willits: J. Am. Chem. Soc. M· 769-774 (1934). TWa com
plex ealt is very insoluble and can be used 'for gravimetric determination of ammonia in 
large amounts. However, it can be made, by proper selection of conditions, to form a 
dear colloicL'll solution well adapted to photometric determination. Once the Neosler-
1 ~.cd solution becomes turbid the analysis is ruined. The necesLlary condittona for •e
curing clear solutions are: 

1. The concentration of ammonia (NH4,t) should not be too high (less thaa 1 IDS· per 
ml. of final solution). 

2. Proper alkalinity.. Free OH- ions should be present at a concentration of ao t.U;q 
per 100 ml. of final solution. . 

· 3. Temperature of the solution should be low--20°C. or lower. 
4. Mixing of the alkaline Nessler reagent with the ammonia so~ution must be instnn

taneous. Otherwise for an appreciable length of time, an unsuitable concentra).lon of OH-
1ons wlll exist, and the precipitation of the colloid may begin. 

5. The presence of a protective colloid (gum ghatti) greatly facilitates the mainten
ance of the- colloidal state. 

6. The concentration of neutral salts should be low. 
7. See also p. 2G6. 
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4. Sodfum hyd•·oxic.fc 0. 5 N. StandardJze am.l adjust to between 0. 49 and 0 . 51 N. 
5. So<Uum bicarbonate 0. SM. --

Dissolve ·l. 2 g. NallCO:t in distilled water and dilute up to LOO ml. 
6. 4-amlno-antlpyrtnc 0. 6% (w/v) . 

Dissolve 0. 6 g . of 4-amino-antipyrlne in distilled water and make up to 100 ml. 
7. Potassium fcrricyanidc 2. 4%. 

Dissolve 2. 4 g. K3Fe(CN) 6 in dtstllled water and dllute up to 100 ml. 
8. Stock phcno.l standard 

Dissolve 1. 2 g. pure crystalline phenol and d.llute up· to lliter using about 0.1 !i 
HCl as the solvent (8. 5 ml. concentrated HCl dtluted up to lllter) . Standardize as out
lined below. 

9. Dilute phenol standards 
(a) Weak workif\g standard. . 

Dilute 1. 00 ml. stock ~henol etandard up to 100 ml. with dlstllled water. Add 
2-3 drops of toluene. (1 ml. = 0. 01 mg.) 

(b) Strong working standard. 
Dilute 3. 00 ml. stock phenol standard up to 100 ml. with dlstilled water. Add 
2-3 drops of toluene. (1 ml. : 0. 03 mg. ) 

Store under refrigeration. Good for one month. 
10 . Tartrate buffer 0. 2 M pH 4. 9 

Dissolve 3. 00 g. L(f) tartartlc acid-analytical grade (dextro-rotatory tartaric 
a~ld) 1n 50 ml. dletllled water. Add about 35 ml. 1 tl NaOH, and adjust the pH to 4. 9. 
J)tlute to 100 ml. Add two dropa of toluene and atore under refrigeration. 

Procedure: 
Into a large test tube whose contents ·can be easily mixed by shaking carry· out the 

addltlons and operations ltated below 1n the tables . 

A. Control and Test 

Carbonate Buffer 
Substrate 

Plasma 

NaOH0.5N 
Plasma· 
NaHC03 0. 6 M 
A.A.P. 0.6% 
K3Fe(CN)6 2. 4% 

Control (ml.) 

1.0 
1.0 

Test {ml.) 

1.0 
1.0 

Mix and warm 3 minutes at 37°C. in a water bath. 

0.1 

Mlx and warm 16 minutes at 37°C. In a water bath. 

0.8 mlx 0.8 mlx 
0.1 mix 
1.2 mix 1.2 mix 
1.0 mix 1.0 mlx 
1.0 mix 1.0 mix 
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B. Blank and S!:lntl"lrds 

Carbonate bufier 
Phenol standard 

0.01 
0.03 

Water 
NaOH0.5~ 
NaHC03 0.5 M 
A.A.P. 0,6$ 
K,Fe(CN)6 2.4% 

Acid Phosphatase 

A. Control and Test 

Citrate buffer 
Substrate 

Plasma 

NaOH 0.5 ~ 
Plasma 
NaHC03 0. 5 M_ 
A.A.P. 0.6% 
K3Fe(CN)8 2. 4% 

B. Blank and Standards 

Citrate buffer 
Phenol standard 

0.01 
0.03 

Water 
NaOH 0.5~ 
NaHC0

3 
0.5 M_ 

A.A.P. 0.6% 
K3Fe(CN)6 2. 4% 

Blank 

1.1 

Standard 
(0. 01) 

1.1 

St:mdard 
(0. 03) 
1.1 

1.0 

1.0 
0.8 mix 
1. 2 mix 
1.0 mix 
1.0 mix· 

0.8 mix 
1.1 mix 
1.0 mix 
1.0 mix 

CoDtrol 

1.0 1.0 
1. 0 1. 0 
MJx ud warm -· ·3 minute• 37°0. 

0.1 ml. 
Mix and warm - 1 hour 31'0 0. 
1.0 mix 1.0 mix 
0.1 ml. 
1.0 mix 
1,0 mix 
1.0 mix 

1.0 mix 
1.0 mix 
1.0 mix 

1.0 

o. 8 mlx 
1. J mlx 
1.0 mix · 
1.0 m1x 

Blank 

1.1 

Studardl lt!pdardl 

1.0 
1.0 mix 
1.0 mix 
1.0 mix 
1.0 mix 

1.1 

1.0 

1.0 'mix 
1.0 mix 
1.0 mix 
1.0 mix 

1.1 

1.0 

1.0 mix 
1.0 mix 
1.0 mix 
1.0 mix 

Allow the color to develop for 15 minutes and read against a distilled water 
optical blank at 510 mu. If the transmlttanc~ of any of th\3 unlmowns is between 5 and 
10%, th~ analysis may be saved by diluting control and test solutions, and blank and 
standard solutions, with an equal volume of wotter. Mix and compare photometrically. 
as before. The color may fade rapidly after 60 to 120 minutes due to (a) phenol or 
(b) reducing substances. 
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Calculatlon: 
A Kln~-At·nwt 1·ong unit of allmllne phosphatanc i13 <.lcflncd as the amount of enzyme 

which will libc rate one m~. of j)hcnol from a 0 . 005 r-.. 1: oolutlon of diaodlum phenyl phos
phate In 15 minutes at 37°C. in bicarbonate buffer at pH 10, 

A Kin~-Armstrong unit of acid phosphatase is defined as the amount of enzyme 
which will liberate one mg. of phenol from a 0. 005 M solution of .dlsodium phenyl phos
phatase in one hour at 37oc . in citrate buffer at pH 4, 9. 

Phosphatase units = Dt '": De x 0. 01 (or 0. 03) x 100 
Ds- Db 0.1 

Dt- De = x 10 (or 30) 
Ds -~ 

where D refers to optical densities of 

t .,. test; c - control; s • standard and b • blank 

Prostatic Acid Phosphatase (tartrate sensitive fraction) 

Proceed as umiel' acid phosphatase but use a mixture of 8 parts citrate buffer 
pH 4. 9 and 2 parts 0. 2 M tartrate buffer pH 4. 9. It is not necessary to use tartrate 
buffer for the blank, standards or the control tube since the color production ia not 
affected by tartrate. 

Interpretation: 

Alkaline Phosphatase, 
Normal values -adults 4-10 King-Armstrong units 

-children 10 -20 King-Armstrong l.Plits 

Elevated values are seen in disorders of bone metabolism and in hepatic and bil
iary tract disease; for example, rickets, hyperparathyroidism, hepatocellular damage, 
and biliary obstruction. 

Acid Phosphatase 
Normal values 0 - 4 King-Armstrong units 
Increased values are seen in prostatic carcinoma with metutases. Levels which 

are inhibited_ to an extent of more than one King-Armstrong unit by tartrate are said to 
be indicative of prostatic malignancy. 

Standardization of Phenol 

Rea,gents: 
1. Phenol stock standard -about 1 mg. per ml. 
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2. Sodium thlmmlphate (Na2s2o3) 0. 1 ~· 
Pt•cpttrc as outlined tmder Secondary Standards, p. 29. 

3. Iodlnc-potasalum Iodide solnUon 0.11!. Dissolve 25 g. potassium iodide 
(KI) in 25 ml. of distilled water, add 12. 7 g. resublimed (analytical grade) 12 , dissolve 
and dilute up to 1 liter. 

4. Potaseium hi-iodate KH(I03)2 0.11! (or Potassium iodate KI03 0.1 _!i.) 
Prepare as outlined under Primary Standards, p. 23. 

Procedure: Seep. 29, Iodimetry. 

A. Standardization of 0. 1Ji sodium thiosulfate 
.1. Into a 250 ml. Erlenmeyer flask pipet 5 ml. of 6 N eydrochloric acid, add 2 I· 

po~assium iodide and 3-5 ml. of water. 
2. Transfer 26.00 ml. of standard hi-iodate (or iodate) to the flask. Free 

iodine :ovlll now appear in the solution. 
3. Titrate the liberated iodine with 0. 1 B sodium thiosulfate and calculate the 

thiosulfate concentration. (See p. 18 Volumetric calculations.) 

B. Standardization of Iodine-potassium iodide 0.1 N solution. 
1. 25.00 ml. of 12 • KI solution are transferrE!d to a 250 ml. Erlenmeyer flask 

and titrated with the standardized sodium thiosulfate ooluUon. 
2. Calculate the iodine concentration as above (A3) . 

C. Standardization of stock phenol standard. 
1. Transfer 25.00 ml. of stock phenol solution to a 250 ml. glass-stoppered 

Erlenmeyer flask. Add 60 ml. 0.1 N NaOH and heat to 66°C. (not higher). Add 26 .. 00 
ml. of the previously standardized iodine-potassium iodide solution and mix. 

2. Stopper the flask and allow to stand at room temperature for oi5 minutes. 
3. Add 6 mt. of concentrated hydrochloric acid and titrate the exce11 iodiDe 

with the previously standardized sodium thiosulfate solution. 

Calculation: 

Mg. phenol per 25 ml. "' 1. 668 x (ml. 0.1.!! 12 - ml. O.l.H. thio1ulfate.) Adju1t 
the concentration of phenol to exactly 1. 00 mg. per ml. and storA under refrigeration. 

Example: 
A. Standardization of 0. 1 N sodium thlosuUate 23. 45 ml. of aodium thiosulfate 

were required to titrate 25.00 ml. 0.1 N KH(IOa) 2 

25.00 X 0.1 ::: 
23.45 

0. 1066 ~ sodium thiosulfate 
Factor is 1. 065 

B. Standardization of 12 · KI solution. 24.87 ml. of 0.1065 B sodium thiosulfate 
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were required to titrate 26. 00 ml. of 1
2 

• KI solution. 

24. 87 x 0. 1065 = 0. 1060 N Iz . Kl solution 
25 

· 
0° Factor is 1. 060 

C. Standardization of stock phenol standard solution.&. 90 ml. of 0.1066! sodium 
thiosulfate were required to titrate the iodine excess. 

Mg. phenol per 25 ml. = 1. 668 (25. 00 x 0.1080 - 8. 90 x 0.10&6) 

= 1. 568 (26. 60 - . ., • 36) 

• 1. 668 X 19.16 = 30.00 m1. J)heDOl 

D. Dilution Calculation. 

30.00 = 1. 2 mg. phenol per ml. 
25.00 

If 970 ml. of the BOlutlon remain: 

910 X 1. 2 = X X 1. 0 

X _ 9'10 X 1. 2 : lll3 ml. 
- 1.0 

1163 - 970 = 193 ml. 0.1 N HCl to be added te give 1. 00 IDI· p~ pe-r ml. 
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RefQrcnces: 

PHOSPHATE, JNOfiG.\NIC 
Serum 

1. Fiske, C.H. andSubbarow, Y., J. Biol.Chem. 66, 375(1925) 
2. Gomorl, G. , J . Lab. & ClJn. Med. 27, 955 (1941-42) 
3. Dryer, R.L., Tammes, A.~., and·Routh, J.I., J. Diol. Chem. 222, 1'17 (1967) 

Principle: 
The lnorbrnnic phosphorus present Jn a trichloroacetic acid protein-free filtrate 

of serum in the form of the orthophosphate (salts of orthophosphoric acid, H3Po.> 
react with molybdate in acid solution, and a blue color is formed from the resultant 
"phosphomolybdate" after the addition of a rcducJn~ agent, auch aa "pictoii' or "metol" 
which is p-methylamino-phenol (sulfate). 

Reagents: 
1. Trichloroacetic acid 5% w/v in water. ) 

Trichloroacetic acid 10% w/v in water.) Keep refrigerated! Importantl 

2. Sulfuric acid 10 ~· Carefully pour 100 ml. of concentrated H so4 into 200 ml. 
of water, in a mixing cylinder (Pyrex), mix. After cooling dilute to !eo ml. (exactly) 
with water. 

3. Molybdate n for serum (2. 5% ammonium molybdate in 3. 0 ~H2so4). In a 1 
liter mixing cylinder dissolve 25 g. of the salt in 300 ml. of 10 ~ H2so4 and dilute 
to a liter with water. 

4. "Plctol" stock. 
(Mallinckrodt). Shake. 

5. Dilute "pictol. " 
ori day of use. 

Dissolve 3 g. NaHS03 in 100 ml. H2o and add 1 g. "pictol " 
Store in brown bottle •. Refrigerate . It will keep indefinitely. 
To 10 ml. "pictol" stock add 90 ml. H2o. Mix well. Prepare 

6. Stock standard phosphate. KH2Po 
4 

.is well dried. 0. 3514 g. transferred to a 1 
liter flask 110 ml. 10 !i H2so4 , dilute to mark (5 mi.= 0.4 mg .. P). 

7. Dilute standards: Prepare 2 standard solutions weekly as follows from stock 
phosphate. 

a. Strong working standard: 
Transfer 5 ml. stock std. phosphate to 100 ml., vol. flask, dilute to mark 

with 5% trichloroacetic acid (5 ml. = 0. 02 mgm. ). 
b. Weak working standard: 

Same except use 2 ml. (5 ml. = 0. 008 mgm.). 

Procedure: 
1. To a glass-stoppered teat tube or a glass-stoppered bottle, add exactly 9. 0 ml. 

of 10% trichloroacetic acid. 
2. Add exactly 1. 0 ml. of serum, mix well. Allow to stand 5-10 minutes and cen

trifuge until clear or filter through a 140 Whatman filter paP.er. 
3. To a cuvet or colorimeter tube add exactly 5.0 ml. of filtrate. 
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4. P1'e1:iu·e a blantt by r:.lp•!tt.ht!~ !i. 0 mi. of :i1,"h trichlurc;u:etic lnt.u u. cuvet. 
5 . Preplu·e two at~uu!urda in a. :Jimilur m:l-.utHr. 

a. G ml. :2 0.02 mg. 
b. 5 ml. = O.OOB ntg. 

6. Add 1. 0 ml. molyb<!D.te n to ea.cb cuvet and mix. 
7; Add 4 . 0 ml. dilute pictol to each cuvet, mlxing immecU.ately after the a.ddlt1on 

to each cuvet in succeaaiotl. 
8. Read in a photomet~r after 10 minutaa a.nd before 80 minUte~ SJ.t 830 .mu (or 

using a red filter) againat the reagent blanit se~ at 100. 

Calculation: 
Mg. P/100 ml. serum .. (Du/l>8) x C9 x !QQ. 

0.6 

for strong standard: (D11/D8 ) x 0.02 x !QO • <Du/D1 ) x <l • mg. t:er cent 
0.5 

for weak standard: (Du/D8 ) x 0.008 x 100 
z (Dul»a> x 1.8 • mg. per cent o.a 

Uribe: 
1. Dilute eJGtctly 1. 0 ml. of urine to 50 ml. with 8% trlchloroac:etic acid in a 50 ml. 

volumetric flask, mix well. Filter if not perfectly clear thrOQih Wha.tmun #40 fllter 
paper. 

2. To a cuvet add 5, o ml. diluted urine. 
3. Add 1. 0 ml. molybdate n. 
4; Add 5 . 0 ml. dilute pictol and mix immediately. 
5. Compare in a photometer with blank and standard DNparecl ae above for serum. 

Phosphatase, Alkaltne and Acid; 

Reference: 
Shinowara, G. Y., Jones, L. M., and Reinhard; The Estirna>Uon of Serum Inor

ganic Phosphorus and Acid and Alkaline Phosphatase Activtu ... J. B1ol. Cben1. ill• 
921 (1942). 

PrinciEle: 
The alkaline and acid phol!lphatase activity of anum ia e1Umated by allowiJa;c serum 

to incubate at 37°C. with an organic phosphate ester, (B-slycerophosphate) at an appro
priate pH, pH 8. 7 for alkaline IIJld IS. 0 for acid phosphatase. Tht Uberated IAorgn.n.ic 
phospho:M.ls is then determined 

The Doda.nsky phosphatase wtlt ls defined as that amount of phosphata1e which wlll 
libt)rate one mg. o! inorgal'lic .f from the alolbstrate 1n one hour. 
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\pparatul3: 
1. Au !or phouphatc . 
2. Glasl:i-Btoppurcd bottles. 
3. lncu bator ~;et at 3 7°C, 

Reagents: 
1. As for ina q,ranic phoaphorus. (ace above). 
2. Buffered substrate-stock solution. A mixture of: 

Sodium B-glycerophosphatc 2. 50 g. and 
Sodium barbiturate (sodium .barbital USP) 2.12 g. is diluted up to 230 ml. 
Mix, Preserve s.tock substrate in refrigerator in small ilan-etoppered 
bottlcs.(l25 ml.) tmder 3 ml. redistilled petroleum ether (BP 30-3G°C.) 
to delay abs.orptlon of C02 from the air. 

3 . For alkaline phosphatase: To 25 ml • .alkaline buffered substrate stock add 
25 ml. distilled water. Maire up daily as needed. 

4. For acid phosphatase: 25 mi. buffered substrate stock is added to 23 ml. 
0.1 N CH

3
COOH. Mix well. Do not attempt to store. 

0.1!:! CH3COOH. Weigh out enough glacial acet~c acld to give 6.00 pn. of 
acid. Dissolve and dilute to 1000 ml. Mlx well. 

Method: 
Al}<aline Phosphatase: 
1 . Prepare a rear,cnt blank and two standards as outl'ined in Stepa 4 and 6 in 

Inorganic Phosphorus p. 225. 

Procedul'a for· control samnle: 
1. Plilct 5. 0 ml. dilute allmline substrate into glass-stoppered bottle. 
2. Add 4. 5 ml. 10% CC13COOH. 
3 . Add 0. 5 ml. serum. ot.opper. Mix and filter. 
4. Pipet 5 mi. of the filtrate into a cuvet. 

Procedure for enzyme sample: 
1. Plp~t 5. 0 ml. dilute substrate into glass-stoppered bottle. 
2. Place in incubator to reach 37° C. 
3. Add ~~ctly 0. 5 ml. aerum • .Mix. note time. 
4. RemoVQ at end of one hour. 
6. Immedi;1tely add 4. fi ml. 10% CC13COOH. 
6. Mix and filter. 
7 .. Pipet ij, .Q rql, of the filtrate into a cuvet. 

Development of color: 
Add 1. o ml. of molybdate n. mix. Add 4·. 0 ml. of dilute pictol, mixing each cuvet 

immediately after the addition. 
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Photo~ctry: 

Set bla.nl< at 100 and rend control sample and enzyme sample and standards, after 
10 minutes and before 60 minutes uolng 680 mu or a red filter. 

Ca lculajtlon: 
(Du/Ds) C 

100 
a mg. P /100 ml. serum (calculated as serum phosphorus), 8 0.26 

One phosphatase unit wlllllberate one mg. of inorganic phosphate from 
glycerophosphate in one hour under the specified conditions. 

Pe = mg. P/100 ml. serum in incubated sample. 
P c = mg. P/100 ml. serum in tmincubated sample (control), 
P e - P c :: phosphatase untts/100 ml. serum 

Example: 
Pe = 8,0 mg.% 
Pc :3.3mg.% _ 
Phosphatase .. 4 . 7 Bodansky unlts/100 ml. serum. (8, 0 - 3, 3), 

Precaution: 
1. As for Inorganic phosphate, 
2. Exact time and temperature control is important, 

Acid Phosphatase: 

Procedure: As in alkaline phosphatase except Using the acid subetrate. Use female 
serum control for check of the method. 

Interpretation: 
Phosphorus: Normal values- -5 mg. % in inia.nts and children 

3. 7 mg.% in adults 
In severe nephritis f may increase to 15- 20 mg.%. In rickets f may fall to 

2 mg.% or lower. Insulin Injection decreases fin serum due to formation of hexose 
phosphates. 

Phosphatase: 
Bodansky units 

Alka.lint!: Normal values 5-12 units in children 
1. 5-4.0 units in adults 

Increased in Paget's disease (up to 50x) 
Rickets (up to 20x) 
Hyperparathyroidism (up to lOX) 
Infectious Hepatitis (2-4X) 
Other hepatic diseases (2-lOx) 

Acid: Normal values 0. 0 - 1.1 units 
Elevated only in 15-50% of cases of prostatic carcinoma with metastases 

(up to 30 units). 
Erythrocytes contain an acid phosphatase so hemolysis should be avoided, 
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Fl'lndnln: 

PIIOSPIIOUUS - Lipid 
Serum 

Total lipid:: :-.re c:\tractcd aa Jn the choleotcrol procedure. The alcohol-ether ex
tract is dried, ~·.nu dl~;:!f,tcd with sulfuric acid anJ hydrouc.:n peroxide. The color is 
developed as und~r the iuor~;anlc phosphorus procedure. 

Procedure: 
1. Prepare an alcohol-ether extract of serum as outlined under Cholesterol, p. 162. 

2. Pipet 10.0 ml. of extract into a 25 x 200 mm. test tube graduated at 26.0 ml. 

3. Evaporate to dryness using a hot water bath, avoid the use of an open flame. 

4. Add 2. 5 ~· 5 H ~so4 and a small quartz chip ~d digeet UAtU the water 
evaporates and the mixture turns brown or black. 

S. Allow to cool and add 1 drop of 30% H2o2 directly into the mixture. 

e. Continue heating. Repeat H
2
o2 treatment and reheating until colorleaa. 

'1. Cool the tube, add a few ml. of water, heat to boiling. Cool immediately, 
dilute the contents to 25.0 ml. Mix well. 

8. Transfer 5.00 ml. to a photometer cuvet. 

9. Proceed as ln Inorganic Phosphorus, p. 224. 

Calculnttons: 
Since 0.4 Ull. of eerum la represented by 10.0 ml. of filtrate 

Cu = (Du/D
8

) C8 x !Q! 
0.4 

• (Du/D8 ) C8 x 260 • mg. lipid P/100 ml. aerum 

228 



POHPHOIHUNOGEN - C.c;.t;~.lit.&ith·e 

Urine 

1h!fi!Tf!nr:e: 

Wat~;on, C. J. and B. Sch·~.·artz. A simple test for urinary pOrphobilinogen. 
Proc. &lc. Exp. Diol. && Mcd. iL 393-4 (1941) 

Princ:lple: 
Porphobilinogen in the urine forms a red colored compound with Ehrllch's Reagent 

1n acid solution. This colored compound is insoluble in chloroform. 

Reagents: 
1. Saturated sodium acetate solution. 
2. Ehrlich's Reagent. (Add 0. 7 grams o! p-Dhnethylam!nobenzyaldehyde to 160 

ml. of concentrated HCl and 100 ml. of water.) 
3. Chloroform. 

Procedure: 
1. To 2 ml. of urine in a test tube add 2 ml. of J~hrlich's reagent. 
2. Invert until mixed. ,Allow to stand 5 minutes. 
3. Add 4 ml. of saturated sodium acetate to the tube and invert until mixed. 
4. Note the color, if any. 
5. Add 1 ml. of chloroform and shake vigorously, Allow to stand until separated. 
6. Note the color of the chloroform layer. 
7. If a pink to red color develops in step four, porphobilinogen and/or urobilinogen 

may he present. If in step six the chloroform layer is red, while the urine layer be
comes colorless or tue original color of the urine, then porphobilinogen is absent and 
urobilinogen is present. If the chloroform layer remains colorless and the urine layer 
Ia pink to red, then urobillnogen is absent and porphobilinogen is present. If both layers 
arc red, then both porphobilinogen and urobilinogen is peraent. If large amounts of 
urobilinogen are present, the chloroform extraction may lm.ve to be repeated several 
times to remove all of the urobilinogen red, If both layers are colorless, then both 
porphobilinogen and uroblllnogen are absent. 

8. Report porphobilinogen and urobilinogen as negative or positive. 

Notes: 
Normal red-brown urinea tend to disguise small amounts of pink color lD the 

urine layer. 

_!!l_tP. rp relatl on: 
In acute porphyria the urine contains porphobilinogen which gives a positive 

t:hrllch r~actlon. Positive results may also be obtained in cases of liver disease. 
UrohlHno1~en Is normally found in the urine as it partially es(:apes absorption by the 
liver and Is excreted by the kidneys. 
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PORPHYRIN DETERMINATION 
Qualitative and Quantitative 
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(C. V. Mesh Co. , St. Louis) 561-3 (1956). 

There are present in the excreta of the human bodY, pigments which have been iden
tified as porphyrins. These pigments are closely related to the protoporphyrin found in 
the hemoglobin molecule, but are chemically distinct from it. In many diseases abnor
mal amounts of these pigments are excreted in the urine and feces. Therefore, a de
termination of the type and quantity of porphyrin present in the patient .can be a valuable 
diagnostic tool. 

A large variety of porph.vrins are known to exist, some occuring naturally, while 
others have been synthesized. Of these the coproporphyrins and the uroporphyrins ha'VW 
been found to be particularly clinically significant with respect to certain diseases, A 
further specificity is observed in the isomers of both of these compounds; 1. e. , copro
porphyrin I, coproporphyrin m, uroporphyrin I and uroporphyrin m have been found to 
be particularly related to a number of specific diseases. 

A qualitative method for determining the presence of porphyrin, and a quantitatln 
method for determining the amount of porphyrin present are here described. 

Qualitative Porphyrin Determination 

Principle: 
In many cases a qualitative test is sufficient to indicate the presence of an abnorm

al quantity of porphyrins in the urine since the minute amounts that are normally pres
ent will not react to the test. Once the presence of the porphyrins has been established 
a quantitative test is run to determine the degree of abnormality. 

The qualitative determination of t}Je presence of porphyrins is based on a primary 
fluorescence in the near ultraviolet range of the spectrum exhibited by porphyrins in 
solution. However, since the fluorescence is easily masked by urinary impurities, 
tho porphyrins must be separated from the original sample. This is accompllshed by 
extraction, with a normal butyl ::llcohol-ethyl acetate mixture, from an acid aqueous 
solution. 
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Should the teat be positive, a further extraction with ether will separate the uro
pot•phyrins .and the coproporphyrins, permitting a more speclflc ldentlflcation. Both 
exhibit a characteristic fluorescence in the near ultraviolet range. 

Apparatus: 
1. An ultraviolet light emitting in the near ultraviolet range of the spectrum, 
2. 50 ml. or 100 ml. separatory funnels. 

Reagents~ 

1. Glacial acetic acid. 
2. 1:1 (v /v) mixture of n-butyl alcohol and ethyl acetate, 
3. 10% NaOH. 
4. Concentrated HCl. 
5. Ethyl ether. 

Procedure: 
1. Acidify a 15 ml. fresh urine sample with 3 ml. glacial acetic acid. 
2. Shake the acidified urine in a separatory funnel with an ~qual volume of the n

butyl alcohol-ethyl acetate mixture. Discard the aqueous phase. 
3. Wash the organic phase three times with d.lstUled water. 
4. The organic phase will exhibit a red fluorescence under the ultraviolet light if 

porphyrins are present. If the red fluorescence is evident at this point proceed with 
the rest of the determination to determine which of the porphyrins are present, 

5. Extract the porphyrins from the organic phase with three portions (3 to 5 ml.) 
of 10% NaOH solution. The porphyrins go into the NaOH solution almost quantitatively. 
Discard the organic phase. 

6. Neutralize the NaOH solution with concentrated HCl until the solution turns 
Congo Red paper gray. 

7. Add 1 to 2 ml. glacial acetic acid. 
8. Shake the solution with an equal volume of ether, in a separatory funnel. Copro

porphyrins will transfer to the ether phase while the uroporphyrins will remain in the 
aqueous phase. 

If large amounts of porphyrins appear to be present, the aqueous phase may be 
extracted several times with ether to insure the removal of the coproporphyrins. 

9. Acidify the aqueous phase with HCl a .. nd examine for red fluorescence under light 
in the near ultraviolet range. 

10. Extract the coproporphyrins from th€~ ether phase with HCl. Examine the aque
ous phase under the ultraviolet Ught. If coproporphyrins are present a red fluorescence 
will appear. 

11. The coproporphyrins and uroporphyrinB; are reported as positive or negative. 

Note: The qualitative procedure is summarized in Table I. 
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Table I 

Qualitative Determination of Porphyrins 

15 ml. urine plus 3 ml. glacial acetic acid; add n-butyl alcohol-ethyl acetate mixture; 
separate organic and aqueous phases. 

Aqueous phase 

Discard 

Organic phase 
Wash with distilled· water, three times 

Wash water Washed organic phase. Extr.act with 
10% NaOH 

Discard 

Extracted 
organic 
phase 

Discard 
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, Alkaline aqueous phase. Neutralize 
with HCl; add 1-2 ml. glacial HAc; 
extract with ether. 

1 Aqueous phase Organic phase 

Acidify with 
1 HCl. Fluor-
' escence indi

cates uropor
' phyrins 

Extract With HCl~ 
discard organic 
phase; red fluor
escence in aqueous 
phase indicates 
coproporphyrins. 



Qu:U!Ut:dlvc· PorpbYrln DetermiDatlOil 

PriKiple: 
ODce the pl'e8e8ce of the porplayrins has been establlsbed. the amoaata present 

mut be dele rmllled. This Is doDe spectropbotometrlcally for both the coproporpb.yrlu 
aJid u.e uroporpJwrlas, foUowiDg laolaUon from sources of IDterference In the orlcJDal 
BUDple, aad from each other. Tile coproporphyrlns (I and Ul) are separated from the 
uiDe .... ple by exlr.lctlOil from the aqueou media with ether contahllac aceUc ac:Jd. 
Uroporpbyrba m Is extracted from the aqueou media, at a pH of S. 0-3. 2, with etb,yl 
Ketate. (AutheaUc uroporpJwrln I lB not eXtractable by etb,yl acetate.) 

Tbe maxtm1111l lJcbt absorption of the coproporpbyrlu baa beea foaad to oec:v at a 
waw Jeactll of 401 mu wblle that of the uroporph.Jrlu Ia• been eBtabli.Ued at 401 ... 
'l'llu a determlnatlCJD of the optical deulty of It solution contalnt"' the laolatecl po~
rlll wOl permit calculatlCJD of the porP\Jrbl ccmcentraUoD bathe ortpaalBUDple. 

Atpln!a!~ 
1. Azq •peetropbotometer readtDI ba the ·380-430 mu ruge l• aatlllfac:to1'7, alt ...... 

6e Beclaaaa DU lB recommellded. 
I. SeJRratory fmmels. 

Hegenta: 
1. Glacial aceUc acid 
2. 1. 0 N acetic acid 
3. 1. 0 N BOdllllll acetate 
4. Ethyl ether 
5. 3f, (wt. /vol.) CaClz solutloa 
6 . 5'1 (wt./vol.) MazHP04 solutl.oa 
T. 1.0 NNaOH 
8. 0.1 N KaoH 
I. 0.5 N HCI 

10. 0.1 N BCI 

Coproporpb,rrbl Procedure: 
1. Acidify 15 ml. of urine with 1 ml. of glacial acetic acid. 
z. Extract the acldlfled sample Ill a separatory fmmel. with 30.0 ml. of etb,yl 

etber. 018card the aqqeous la,.er. 
3. Waab the ether layer, till clear, w1th distilled water. 
4. Extract tbe coproporpb;yrJDB from the ether with five 1 ml. porl~Gaa of 0.1l!_ 

BCl. 
5. The taUI•olame of acid extract will be very close to & ml. 
6 . OD the spectrophotometer, determine the optical deDBity uaiDc 1. I c:m • . c:uetB 

of tbe sobltloa at 380, 401 and 430 IIUI aptnst a 0.1 !. BCl blaak. 



(2op_r~~~.!:r_l~yrln C~cu !at tons: 
Ft·om the determined optical d~nsitlea · the total micrograms in the sample, and the 

mir t·o1~ram per cent arc determined. In equation (1) Dcorr (optical density corrected 
for ah1-wrpt1on due to impurities in the porphyrin solutions) is calculated. 

(1) 2D·l01 - (D380 I D430) - D 
- corr 1.833 

where D = optical density. Dcorr : 0. 65 correspondF to 1 microgram of copropor
phyrin per ml. Therefore, 

(2) 
Dcorr 
0 . 65 

= micrograms coproporphyrin/mi. acid extract 

Then, the total micrograms of coproporphyrin present in the acid extract is 

(3) 
D corr 
0.65 

x ml. acid extract .. micrograms coproporphyrin 

Th,is is equivalent to the total micrograms· of coproporphyrin present in the original 
urine sample. The microgram per cent is then determined by dividing the total micro
grams present by the original sample size, and multiplying by 100. 

D ml. acid extract 
(4) corr x x 100 = microgram per cent coproporphyrin 

0. 65 m.l. sample 

Since , under normal conditions, the ml. acid extract: 5 and the ml. sample ,.. 15, :the 
formula may be simplified to 

(5) Dcorr x 33. 3 = microgram per cent coproporplwrin 
0. 65 

The total urine volume, total micrograms coproporphyrin and the total m icrogram 
per cent coproporphyrin are reported. 

Uroporphyrin Procedure: 

1. Bring a 5 ml. urine sample to a pH of 5. 0 to 5. 5 with 5 ml. of acetate buffer. 
(Check with pH paper.) 

2 . Place 2 ml. of the mixture in a centrifuge tube: add 2 drops of phosphate solu-
tion, 2 mi. Cacl2 solution and 2 ml. 1 . 0 B NaOH. Mix well. 

3. Centrifuge at 1500 rpm for 10 minutes. Discard the supernatant liquid. 
4. Wash the precipitate with 0.1 N NaOH, centrifuge , and decant supernatant liquid. 
5. Wash twice with distilled wate;: cen~rifuging and discarding supernatant liquid 

each time. A red fluorescence (indicating porphyrins) under an ultraviolet light should 
not be present at this stage. If this occurs the unprecipitated porphyrins may be pre
ciplla ted by the addition of more CaC12 solution. 
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6. Dissolve the prec lpltatc in 10. 0 ml. of 0. 5 ~ IICI. 
7. The optlcal density of the solution is rc~ld al wa\·dcngths of 380. 405 and 430 

mu.) 0.5J'! HClis used as the blank. 

Uroporphyrin Calculations: 
The uroporphyrin calculations follow the same pattern as those for the copropor

J)hyrin. Thus. the following steps are used In calculating the total micrograms of 
uroporphyrin and the total microgram per cent. 

(1) 

(2) 

2 D4os - (Daso I D4ao) 

1.844 
= Dcorr 

Dcorr 
0.65 

x ml. acid solution = total micrograms uroporphyrin per ml. of 
original sample 

Since only 1 ml. of the original sample was used: 

(3) Total micrograms uroporphyrins x 100 = microgram per cent uropor
phyrins 

The total urine volume, ~otal micrograms uroporphyrin and the total microgram 
per cent uroporphyrin should be reported. 

Interpretation : 
The normal amounts of copropo!J>hyrin and uroporphyrin excreted dally Is small. 

5U-:i00 microgl"ams and 0.5 micrograms respectively. However, in certain disease 
conditions abnormal amounts of these porphyrins appear. 

Coproporphyrin I and m occur normally in human urine In minute and approxlm~tle
ly equal amounts. But, In a variety of diseases the excretion of these porphyrins is 
greatly increased. Also, the ratio of the I to the UI isomer may vary greatly, depcn(l
lng upon the dl·sease condition. For example, In poliomyelitis and lead poisoning 
coproporphyrin UI is excreted while ln. infectious hepatitis coproporphyrin I predom
inates. 

The excretion of uroporphyrlns is characteristic of the metabolic 4fsease of por
phyria. The photosensitive or congenital type Is characterb.ed by the excretion of 
uroporphyrin I while acute porphyria Is characterized by the excretion of uroporphy
rin m. 

Exact and reliable data relating porphyrin concentration to speclflc diseases con
clusively Is not available. However, the abnormality of the porphyrin concenlr.ttion, 
when coupled with other symptoms wlll help complete the dlagnosUc picture. 
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PUOTEIN - (Turbidhnclrlc) 
SaJin:tl Fluid and Urine 

1. Looney, J.M. and Walsh, A.L: ~.Bioi. Chern. 127, 117 (1939). 
2. Henry, R.J., Sobel, C., and Scaglove, M..: Proc. Soc. Exp. Blol. Mcd. 

92, 748 (1956). 

Principle: 
Protein in spinal fluid or urine is p~clpltatcd by trlchloroaeeUc or suUosallcyltc 

acid as a...fine uniform suspension. The turbidity thus produced is measured photo
metrically. 

Reagents: 
Sulfosalicylic acid, 3 per cent solution or 

Trichloroacetic acid, 3 per cent solution 
(Keep refrigerated) 

Procedure: 
1. Into a test tube place 1. Ou ml. of cerebrospinal fluid. Add 4. 0 mi. of 3CJ, 

sulfosalicylic acid and immediately mix by inverting several times. 
2. Allow to stand at room temperature for five minutes and read before 10 min

utes against a blank of distilled water using light of about 660 mu (red). 

Calculation: 
Interpolate on a calibration curve or chart. 

Standardization: 
Prepare dilutions of a previously standardized serum conta.lniDr; from 0.1 to 3 mg. 

of protein per ml. of solution. Carry out the procedure above and plot the results. 

Notes: 
1. Since the degree of reproduclblllty de~nds _upon many pb,yslcal factors such as 

temperature, speed of mixing, etc., the details of the procedure should be standard
Ized as much as possible. 

2. 'l'riChloJ'paeetic acid produces more turbidity from globulins than from albumin 
(1. 2 to 1) whUEt SlJUosallf:Yllc acid produces more turbidity from albumin (2 to 1) 
(Ref. 2), F~r this reason a mixture of the two acids, 2 of sulfosalicylic to 4 of tri
chloroacetic has ~«:en :recommended. 

3. The wavelength of 660 mu is advocated because any yellow color of Spinal fluid 
or urine will not affect the optical density at this wavelength. 

4. At best, the degree of reproducibility is no better than t 10'1 IUUI at Umes as 
hJgh as ~ 20%. 

Interpretation; 
Seep. 139 (spinal flui4 
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PROTEIN -TOTAL AND ALBUMIN/GLOBULIN RATIO 

Reference: 
Gornall, Allen G., Bardawell, C. J., and David, M. M.; J. Blol. Chem. 111, 

161 (1949). 

Principle: 
Serum proteins (total) and the albwnln fraction (after globulin precipitation) are 

reacted with alkaline copper reagent (biuret reagent) to give a bluish-purple color which 
Is measured photometrically in the presence of the blue color of the excess copper. 

Apparatus: 
Matched test tube cuvets 19 x 160· mm. or 19 x 106 mm. 

Reagents: 
1. Biuret reagent: Into a 1000 ml. volumetric flask place: 

CuS04 ·sH20 1.5 g. 
NaKC4H406 · 4H20 (Rochelle Salt) 6. 0 g. 
1. 0 g. KI (optional) 

Dissolve in approximately 500 ml. Add and mlx ra)Jidly 300 ml. 2. 5 N NaOH 
prepa .-ed frc m concentrated NaOH; see stock reagents). 

Add water and mix to make 1000 ml. 
2. Sodium sulfate 22. 6%. Dissolve 226 g. of the best quallty anhydrous Na

2
so

4 
in water to make 1000 ml. of solution. 

3. Etlwl ether 
4. Sodium ·Chloride 1% 

Procedure: 
Total Protein: 

Into a dry test tube which can be centrifuged, measure 0. 50 ml. of serum, and 
add 10. 0 ml. of 22. 6% Na2so 4 solution. Stopper the tube, and mix thoroughly by inver
sion (not shaking). At once, transfer 2. 0 ml; to photometer tube T for total protein. 

Albumin (t a 1 globulin) 
To the remaining serum-sodium sulfate mixture, add 3 ml. of ether, shake 

vigorously for 30 seconds, and centrifuge while still sioppered; slant the ·tube, and 
transfer 2. 0 ml. of the clear, subnatant aqueous phase to a dry photometer tube A for 
the albumin determination. 

Blank: 
--wo a dry photometer tube B, place 2. 0 ml. of 22.6% Na2SO solution. 

To each of these three photometer tubes add 4. 0 ml~ of biure1 reagent, and 
mix well. Allow the tubes to stand for 30 .minutes at room temperature (20-25° C.). 

J\ead In the photometer against the blank set at 100% transmission using wave
length 550 mu. From the transmission In % determine the density (transmission vs. 
optical density chart) and refer this value to a calibration curve prepared as described 
below or multiply the density by a factor. 
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Procedure for total protein without albumin determination: 
1. Blank: Into photometer tube !! measure 2. 0 ml. 1$ NaCl soluUon. 
2. Total protein: Into photometer tube.! measure 2. 0 ml. of lf, NaCl eolutlOil. 

Pipet into this 0.100 ml. of serum with a ''to contain" micropipet. 
3. To each of the photometer tubes add-'· 0 ml. biuret reagent and mix well. 

Let stand 30 minutes at 20-26 C. and read In photometer as aboYe._jtefer to 
the same calibration curve; since the volume in this case fa 6. 1 mJ. instead of I. 0 
ml. the final results for the simpllfled total pro~ln should be multiplied by 11/60. 

Calibration: 
Pipet 6. 00 ml. of clear normal (preferabl,y pooled) serum into a 50 ml. "fflumetrle 

flask, dilute to mark with o. 9% NaCl, and mix. Prepare 1n duplicate a aeries of Dine 
photometer tubes as follows: 

o. 9% 
Tube f ml. NaCl 

(a) 
ml. dll. serum 

(b) 
M 

(c) 
(VxP) 

1 2. 00 0. 00 0. 00 0. 00 
2 1. 86 0.16 0.1676 
3 1.70 0.30 0.3160 
4 1.65 0.45 0.4725 
6 1. 40 0. 60 0. 630 
6 1. 20 0. 80 0. 840 
1 1.00 1.00 1.060 
8 o. 80 1. 20 1. 260 --.-
9 0.60 1.40 1.476 

Develop color In each t~ by adding 4. 0 ml. biuret reagent as above. 
(a) Serum diluted 1 volume up to 10 volwnes with 0. 85% NaCl 
(b) Column (a) corrected for 1:211nstead of a 1:20 dilution of unknowns 
(c) Values to be plotted vs. optical density. "nominal" protein conceDlratloD. 

P = protein concentration of the original serum as determtoecl by 
Kjeldahl procedure 

Determine total nitrogen and non-protein nitrogen and multiply proteiD Dltrapll b.J 
6. 26 to obtain protein 1n g.%. 

The resulting graph gives a practical straight line and therefore a Beers Law factor 
may be used with a maximum error of 0. 1~. 2 g.$ protein. 

Notes: 
--1. For room temperatures above 25°C. - recallbrate. 

Interpretation: 
1. A variety of different preclpitaUng salts have been usecl. With tbts preaeat 

method albumin Is uually -'· 6 g. CJ,; globulln 2-2. 5g$; total protein 6-1. 6 g. f,. A 
total salt concentration htgher than this gives lower ''album.ba" ...r higher globuUD. 
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PROTEIN 
Spinal Fluid - Biuret l\lthod 

Reference 
1. Rosenthal, H.L. and Cundiff, H.T.~ Clln. Chcm. !· 394 (1956) 

Principle: 
Etl\flencdiamine tetraacctate Is added to the biuret reagent (in place of tartrate) 

to avoid turbidities due to calcium when the necessarily larger volumes of spinal fluid 
are used. 

Reagents: 
1. Stock protein standard 

A standardized serum (or serum allpumltl) is accurately diluted with 0. 85% NaCl 
to about 50 mg. protein per milliliter. This may be stor~d about 30 days at 4°C. or 
indefinitely at -20°C. 

2. Protein working standard 
Dilute 5. 00 ml. protein stock solution to 100 ml. with 0. 85% NaCl. Prepare on 

day of use. 
3. EDT A- biuret reagent 

Dissolve 1. 50 g. Cu.S04 • 5~0 in about 500 ml. dlstllled water. Add 6. 0 g. 
dlsodium ethylene dlamine tetraacetate (Na2 EUT A) and 1. 0 g. Kl and dissolve. Add 
300 ml. 2. 5 N NaOH, mix well and dilute to one liter. Store at room temperature in 
polyethylene containers. 

Procedure: 
Blank -- 2. 00 ml. 0. 85!, saline 
Standard - 2. 00 ml. protein working standard 
Unknown - 2. 00 mi. cerebrospinal fluid 
Add 4.00 mi. of EDTA-biuret reagent 'and mix well. 
Allow to stand ~0-30 minutes at room temperature, and then compare standard 

and unlmown against the blank In a photometer set at 550 mu. 

Calculation: 
(Du/D ) Cs x 100 = mg. protein/100 mi. spinal fluid 

s 2 

Notes: 
Cs • mg. protein present in 2. 00 ml. of protein working standard. 

--1. A series of standard protein solutions may be used to prepare a standard curve 
instead of using dally standards. . 

2. If the protein value exceeds 300 mg. /100 ml. the sample should be diluted and 
the analysis repeated. 

3. If desired, the same re3Jent may be used for serum protein analysis; however, 
the sensitivity of the reagent Is somewhat less. 

Interpretation: 
Normal - lumbar spinal Ould - 15-40 mg.% total protein - almost entirely albumin 
Globulins may be detected by the Pandy test, 
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Referen('e: 

PROTliROMDD~ TIME 
(One-stage Quick Method) 

Quick. A. J., Am. J. CUn. Path. 10, 222 (1940) 

Principle: 
Oxalated plasma Is treated with an excess of thromboplastin and an opUmum con

centration of calf. The clotting time ls determined and related to the pro-thrombin 
content of the plasma , as shown in the accompanying representative graph (A) of clot
ting ttmes vs. plasma concentration (in 0 . 85% saline). 
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Obviously dilution of plasma in saline (curve A) causes a dilution of not only pro
thrombin but also of all other clotting factors. except thromboplastin. and Caff which 
are kept constant. If norttJ..al plasma is diluted in plasma previously tret\ted by BaS04 
(which removed pro-convertin and prothrombin) and clotting times again determined 
curve B is obtained. The difference between the two curves represents the combined 
effect of factors other than prothrombin and proconvertin. Curve B ls the combined 
dilution curve of prothrombin and proconvertin. 

Since In dicoumarol and hedulln therapy for thrombosis both prothrombin and procon
vertin are decreased, curve B represents the usual therapeutic situation. 

The only other factor likely to affect the results ls pro-accelerin and since this ls lablle, 
collection problems and delay in analysis may affect this markedly. This factor can be 
added ht excess by the use of BaS04 pl.asma. 

In this laboratory we run both the regular Quick one-stage procedure and the regular 
procedure modified by the addition of BaSO 4 plasma. We call thea~ tests "uncorrected" 
and "corrected". TM "corrected" test ls run only when pro-accelerin deficiency or lack 
is indicated. 
Reagents: 

1. Plasma. By careful venipuncture collect. exactly 4. 5 ml. of whole blood. 
Ml~ in centrifuge tube with exactly 0. 5 ml. of 0. 1 molar sodium oxalate 
(1.34 g. of anl\}'drous sodium oxalate 1n 100 ml.). Centrifuge atonce for 



4 minutes at 2,000 r.p. m. Pipet offthe supernatant plasma, avoiding any re
mixing of red blood cello . .Use within a short time. If there Is to be a delay 
before determining protl~rombln activity, keep plafima chilled unlll It is to be 
used. Warm clulled plasma ln water bath for 5 minutes before use, or 15 min
utes In warm room. 

2. Thromboplastin. 
3. 0.0125 M CaC12 (calcium chloride). 
4. Dilute pro-accelerin plasma (see Preparation of Reagents below). 

Procedure: 
1. Quick procedure ("Uncorrected'') - Warm all reagents to 370 c. before use. 

Conduct tests at 37° c. 
a. Using 0.1 micro-pipets, mix 0.1 mi. of thromboplasln and 0.1 mi. of 

calcium chloride solution in a small testtube, approximately 10 x 76 mm. 
Keep In water bath or air bath, at :\7° C. 

b. Using 0.1 ml. micro-pipet, blow 0. t ml. of warmed plasma Into the 0. 2 ml. 
of thromboplastin-calcium mixture. Mixing of reagents should be rapid and 
complete. 

c. Start timer simultaneously with addition of plasma. 
d. Stop timer when end-point is reached. The end-point is the first appearance 

of a clot as determined by visual observation while (1) tapping the tube with 
a finger, (2) tilting the tube , or (3) drawing a loop of 120 nichrome ·Wire 
through the coagulation mixture or (4) bv a photoelectric recorder. 

e. The prothrombin time thus obtained has no absolute meaning but must be 
converted into terms of prothrombin activity by reference to a previously 
established normal plasma dilution curve , or a table prepared fr.~m it (see 
below). 

2. Quick procedure ("Corrected'') - Using 0. 1 ml. and 0. 2 ml. pipets mix 0. 2 ml. 
thromboplastln-ealcium and 0.1 ml. of dilute pro-accelerin plasma, incubate at 
37° C. for 5 minutes. Then add 0.1 ml , of the test pla.smaand start timing by 
one of the methods listed above. 

Notes and htterpretation: 
The determination of the blood prothrombin level is of great importance in the diag

noshl of hemorrhagic states due to Vitamin K defiehmc::y, biliary obstruction and liver 
damage. The hypoprothrombinemia produced by dicoumarol in the prophylaxis and 
therapy of Intravascular thrombosis requires frequent prothrombin determinations in 
order to guard against spontaneous hemorrhage. 

The optimal concentration of calcium required for prothrombin determination is influ
enced by the amount of oxalate used In collecting the blood sample. This is especially 
true for the one-stage method. Quick's dfrectiqns for oxalating 4. 5 ml. of whole blood 
with 0. 5 ml. of 0.1 molar sodium oxalate must be adhered to . .rigldly. Some laborator
ies use citrate or EDTA. When changes are made, tte optimal cafl- concentration 
must be redetermined. The fibrl..riogen ·levelof plasma is usually of little consequence 
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PHOTHHOMDIN TABLE 
Values in U1e body of the table represent the ratio between 

the clotting times of the unknown to the control plasma U sec. 
C sec. 

% 
Prothrombin 0 1 2 3 4 5 6 7 8 9 

0 6.600 4.96 4.320 3.680 
10 3.040 2.94 2.84 2.74 2.65 2.66 2.46 2.36 2.27 2.17 
20 2.080 2.04 2.00 1. 96 1.92 1.88 1.84 1.80 1.76 1.72 
30 1.680 1.66 1.64 1.61 1.69 1.56 1.54 1.51 1.49 1. 46 
40 1.440 1.410 1.390 1.380 1.360 1.350 1.330 1.320 1.310 1.290 
60 1.280 1.270 1.260 1.251 1. 241 1.231 1.222 1.212 1.203 1.193 
60 1. 184 1.177 1.171 1.165 1.158 1.152 1.146 1.139 1.133 1.126 
70 1.120 1.115 1.110 1.106 1.102 1.098 1.094 1.090 1.086 1.081 
130 1.077 1.073 1.069 1.064 1. 060 1.056 1.052 1.048 1.044 1.039 
90 1. 036 1. 032 1.029 1.026 1.022 1. 018 1.014 1.011 1. 008 1.004 

100 1. 000 

Calculation: (using ratio method) 
1. Calculate the ratio Unknown time (sec.) /Control time (sec.) 
2. Find value closest to this ratio in the table. 
3. Read prothrombin % directly. 

Example: Control time = 16.3 sec. Uncorrected 

= 15.2 sec. Corrected 
Unknown time = l7.2 sec. Uncorrected 

= 15.8 sec. Corrected 

Uncorrected Corractecl 

17.2 -1. 056 =- 85% 15.8 = 1.040 • = 8~ 
16.3 15.2 

If is realized that these "percentages" of normals do not actual]y represent the 
patient 'a prothrombin concentration. However, clinicians are accustomed to treatin~ 
patients on the basis of this dilution curve of Dr. Quick and we continue to use lt as 
a matter of convenience. The more accurate procedures are also somewhat more 
time consuming. 

242 



TABLE FOU DE'ft:ll.MINING PHOTHHOM.UIN PE ttCE~"""' AGES 
(M.·um.'ll of Clink;\} Dio,.·h,~mi~t.ry- \V. G . K:lrr, 
J. G. n,~inhl.lld. and 1' . W: Chornock - p. -t9) 

Control ProU\rombin. Per cent o( Control 

100 85 70 60 so 40 30 20 10 6 
Seconds 

12.5 13.2 H 14.8 16 18 21 26 38 '10 
13.0 13. 7 14.5 15.4 16.6 18.7 21.8 2'1 .(0 '13 
13.5 14.3 15.1 16.0 17.3 19.4 22. 7 28 41 '16 
14 14. 8 15.7 16. 6 18 20. 2 23.5 29 .(3 '18 
14. 5 15.3 16.3 17.2 18.6 20. 9 24. 4" 30 44 81 
15 15.8 16.8 17. 8 19. 2 21. 6 25 31 46 8.( 
15.5 16. 4 17.4 18.4 19.8 22.3 26 32 4'1 8'1 
16 16.9 17.9 19 20.5 23 2'1 33 49 90 
16.5 17.4 18.5 19.5 21.1 ·23.8 2'1.'1 34 60 92 
17 18 19 20.1 21.8 24.5 28.6 35 62 95 
17.5 18.5 19.6 20.'1 22.4 25.2 29.4 36 53 98 
18 19 20.2 21.3 23 :l6 30.2 3'1.6 56 101 
19 20 21.3 22.5 24.3 27.5 31.9 39.8 58 106 
20 21 22. 4 23. '1 25.6 29 33.6 42 61· 112 
21 22.2 23.5 24.9 26. 9 30.2 35.3 44 64 118 
22 23.2 24.6 26 28 31.., 3'1 46 6'1 123 
23 24.3 25.8 2'1.2 29.4 33.1 39 48 '10 129 
24 25.4 26.9 28.4 31 34. 6 40 50 '13 136 

Calculation: 
Example : Normal Control time is 14.5 seconds. Patients time Is 18.0 seconds. 

Then prothrombin % Is between 60 and 50%. By interpolation: 

18.6-18. 0 :0 0.6 . .. 0.42_8; (0.428 X 10) I 50 = 54.3% 
18. 6-1'1. 2 1. 4 
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in the one-stage method, since considerable range of fibrinogen contentappeara to 
have little e!!ect on the prothrombin time. 

The lability of accelerator-globulin (lablle factor) (accelerin or pro-accelerin) is fre
quently a source of error in the one-stage method. The handling of the plasma in this 
method has a distinct effect on the adequacy of its accelerator-globulin content. For 
this reason, the blood sample should not be exposed to extremes of centrifugation, 
either in intensity or duration. A short, light centrifugation is essential for the preser
vation of accelerator-globulin activity. Since accelerator-globulin is heat-labile, the 
plasma must not be incubated for long periods of time. Plasma should be tested for 
prothrombin activity within a short time after Its collection or else should be chilled 
until needed for use. 

The final factor required for prothrombin activity dete_rmination is thromboplastin. This 
factor must be present in excess. To a large extent· the validity of the measurement of 
prothrombin activity Is dependent upon the thromboplastin~ The principal requirement 
for a satisfactory thromboplastic material is that it yield accurate and consistent pro
thrombin times. When all other factors have been controlled by careful, uniform tech
nique, the prothrombin times obtained measure prothrombin activity onfy when the 
thromboplastin used gives reliably reproducible values for given prothrombin concen
trations. Other requirements of a good thromboplastin are stability and convenience. 

Proper handling of thromboplastin requires only a few precautions. Although thrombo
plastin is stable at room temperature for at least two weeks, 1t is advisable to store 
the material in the refrigerator at about 4° C. when not in use. The usual routine Is 
to withdraw from the stock bottle a volume of thromboplastin suffiCient for Immediate 
requirements and to replace the stock bottle 1n the refrigerator. Care must be taken, 
however, to avoid freezing the solution. 

If several prothrombin determinations are to be made, it is more convenient to mix 
equal volumes of thromboplastin and calcium chloride solution. 0. '2 ml. portions of this 
thromboplastin-calcium mixture are pipetted into the required number of tubes and 
kept in the water bath ready for use. The test Is then continued as described below. 
Discard unused mixture of thromboplastin-calcium at end of the working day. The 
order of addition of reagents as given in the directions must be followed. Changing 
the order by mixing plasma and thromboplastin and then adding calcium chloride solu
tion sometimes gives erratic results, particularly if the mixture is incubated for any 
length of time. Reproducibility of accurate prothrombin times depends on uniformity 
of a technique. Only by careful observance of uniform procedure in the performance of 
the test can maximum accuracy be obtained. 

Prothrombin times are used clinically primarily for control ofanti-coagulant. therapy 
in patients who have (a) phlebitis (b) coronary occlusion (c) any other disease which 
tends to produce intra-vascular clotting. The prothrombin level should be kept be
tween 15% and 20% of normal although different clinicians and hospitals vary. Bleeding 
tendencies begin to show up at 10% or below In many patients. 
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PflEPARATION OF PLASMA PROTiffiO.MBIN REAGENTS 

Preparatlon of proaccelcrln pla:mta: 
1. Collection of plasma: Coll('ct by the usc of vacul:tlner tubes by heart puncture 

more than 100 ml. of ox.1.lale<.l pl:wma with the oxalate concentration recom
mended by Quick (ref. cit.). 

2. Test for the presence of prothrombin and proconvertin by the following tests. 
which also should be run after each adsorption (see (3) .) 

Teste for presence of prothrom~in and/or proconvert!Jk 
Teet System A: 0. 2 ml. thromboplastin-calcium 

0.1 mi. rabbit plasma 
Measure clottingtlme 

Results: In the original rabbit plasma the time may be as short as 
6 seconds. When treated with BaS04 the time wUl be pro
longed and should be over 150 seconds. However, this may 
not represent a complete removal of prothrombin but mere
ly a removal of proconvertin since·the latter is preferen
tially removed before prothrombin. Therefore Teat Sys
tem B must be used. 

Test System B: 0. 1 ml. aged human serum 
0. 2 mi. thromboplastin-calcium 
Incubate 5 minutes 
0.1 mi. rabbit plasma 

Results: The aged human serum contains no prothrombin (all has 
been converted to thrombin and adsorbed and neutralized) 
but does contain pro-convertin; now if the rabbit plasma 
Is free of pro- convertin but still contains some pro-throru
bin clotting will occur. 

3. Add to 0.1 g. wet Baso4 (washed twice with distilled water by suspension and 
centrifugation) for each mi. of plasma, the volume of plasma obtained above.(l) . 
Allow to stand at room temperature for 15 minutes resuspending the BaSO 4 at 
Intervals. Centrifuge 10 minutes at 3000 r. p.m. (preferably in a refrigerated 
centrifuge) and carefully r emove the supernatant plasma. 

~: 
1. Treatment with washed BaSO 4 should be continued until the time of clotting In 

test system A and Bare prolonged to more than 150 seconds. 
2 . Some samples of Baso_

4 
are not very active in ad~orptlon, and their activity may 

change with time. In thls case , a new batch may be used or Quick's washed 
Ca3 (PO.t>2 auspenslonmay be used, or freshly prepaJ;"ed BaS04 may be used. 
A. BaS04 To8.5ml. 1MBaC12 add8.5ml.lMNa2so4 (2gm. BaS04). 

Mix, centrifuge , and resuspend in water to wash, recentrlfuge. Repeat. 
Use the 2 gm. for 25 ml. of plasma. Allow to adsorb for 30 min. at room 
temperature. 
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B. Ca:J lN'd:: 
SoL A.. 158 r=- ~P04 • :u;o Ja aae liter ~o 

B. 66.6 rr/ CaCI:l ~ Ja .-e Uter Rp 
Add SoL A to SoL B aiDt1V :lid wUJa 'YigDrouB aUrat~.l[; .... :blc-- Ad)apB to 
7. 0 l1jr ac~:Jtn& BCI or Jfz.OB. Wasil by clecaJdafl,. 1llltil free of Cl-. 
<AI;ll03 1- JiiiO:tl· Brq ~to llJter. "11aas Ia a 1.02111 atoc1t 
IRISp"JJrdCIIL For dihde B""'feJ'RCWI· Sb:J;e weD.. Dibde 4. 1111. /- 91 .a!. B,_O. 
For each mL of pbsma eeDti"Jface 1 mi. of diiJde ....,..e'On. aiMl 4ac:ud 
tbe ~~~J~em::i£. U~~~e aa ahowe. 

I. Tile aged Jmrnan ~rum Ia prepared aa foUo11B: Tea 1111. al b1ood arc dra:WIIl ..._ 
a 'Vaca12,1Der. whi&:Ja ls1hea ~ ~ 1.1 Dl. of ~IaatJa 
(Balnpl?stfn) Is ;tdded ZDd the blood mlgd weD.. C)ottlbg OCCil18 :r:apldJ;J ad 6e 
tD!Je Is t1eR allowed to £It E1 ~ for 30 - .Q mtm:ee. 'i"M BerEa fa t1lera n
IDDI'ed ZDd Is ft2.d.y for t!Je test. UBDD;J a di'IJ:Uca of 1:10-or 1:5 wlda water 
CD. be Jll2.de £bee dJe serum caaratns ~ ·~ of Cl8.ftrtla. 

Test for P.ro-uceler!:a. .A.ctl!fir-
W"!IeD 1!e ;;nm:tu ter.a A &M B Jaa.w: lladJc:dPd the 'rirtllal P"a'MP cl pJ'OCCIInUtlll 

ad pro:l:m:::bb. from the n::i:lt pl:R')W. JIB proaeceler:ba actl'tUif" m11St"be tc&tccl l'or 
I 

tldll we Deed a p)zsma free of or low ill pro-&eceJerbl. Tlda fa dVJDecl ~ d::a:wl:lc a 
RJ:t;tle of blood mto a p~ Vac'Ctai:2er tube ud mt~.. ~ a:a:l re1110te 

tile plu::J.a. .A1lolr to ftmziD at ~ mtil CJe "'D'Dcorrected" Qdck pl'Citlmtmhla tilDe f8 
p~d to at Jeut 30 RCQDC!a. 

'nell. 1l!drg Test S,Jstem C. determiDellaw far die Dlllllt pia....,. (free of~ 
aJMI pnC:Iaromlti:l) c:lll be diJJ#ecl ud.liidiJ. ~ JIB JMXIIQIIUII adtt'IQ. 

Test Sp1em c. 
0. z mL tltromboplastlll...aldnm 
•• 1 mL nbbll plasma 
lllc:ubafe 5 miD. 

·-· :mL. aged Jgrm;qw plasma 

Usaally c1ac plasma em be diW al leut1:4: ad J'Shhlt pl•...a 1:1 before a WJ!fke He 
dec:raae ID. acU."ftt7 Ia seea.. 

Wiles the puteBt dllgtlop po&BibJe -.~~eea .............. dlblle die .... fll. a. nlllllt 
plasma Ill water. mix wen. adjast tile pB 1D 7-4:. · .... freeze Ia Z ..a. pct..U... .t 
-IDOc. V• an or two portkaB daJV. DD .at reffteae. 



Prcpar<ltion for coagulation tubes: 
A ftc r· usc. soak In a 2% Rolutlon of Na2co3 5 hours or overnight. Rinse well with 

tap water and then with distilled water and bake at more than U0° C . overnight. J( 

the tubes arc sillconizcd, removal of the clots is somewhat simplified. 

Directions for Slllconlzing: 
Sllicone -One part Dri-FUm (General Electric) f9987is added to four parts 

Petroleum Ether. 
Fill one tube with this mixture andpour into another rotatingthe first tube so that 

the entire J!lslde area Is covered. Avoid s111conizing the outside since the tubes will 
be too slippery to handle easily. Rinse the tubes (in a rack for convenience) with hot 
tap water. allowing the water to remain for about 10 minutes. This step removes any 
silicone flakes and speeds the removal of t)le HCl base of the dri-fllm. Rinse twice 
with distilled water and dry at 120° C, for 60-90 minutes. 

To remove siUcone - Put the tubes in a mixture of 2 1. distilled H o{in which 150 
gms. NaOH is dissolve~d 2 1. of technical acetone. Allow to stand for at least 8 
hours and rinse well after removingfrom the solution, dry at 120° C. Repeated re
moval of sllicone by this solution will result in etched tubes that will not look clean, 
however. upon being reslllconlzed, the tubes will be entirely clear and the clots 
easily read. We suggest that you keep these tubes separate from the others. 
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Jlcfcrcncc: 

PUOT IIROM DIN 
(Prothrombin Consumption Test) 

Serum 

Leon N. Sussman. M.D .• Ira B. Cohen, M.D •• and Robert Gittler. M.D. 
J.A.M.A. 156, 673-752 (1954). 

Technique: 
Careful attention must be paid to detatls In technique, aa minor varlaUou pro

duce very marked dlffercnces In the results obtained. 

Prcp:1ratlon of Serum: 
Blood Is drawn cleanly and allowed to clot at room temperature. The blood Ia 

placed In a water bath at 370 C. for one hour after elottlng. The blood Ia centri
fuged for three minutes, and the serum Is separated. Serum maybe stored at 40 C. 
for a maximum of 60 minutes before the test. 

Preparation of Reagents: 
Thromboplastin solution is preparetl as for the plasma prothrombbl teat. Flbrl

ndgen solution Is prepared as directed by the manufacturer (to contain 300 mg. per 
100 cc. of fJbrlnogen and 85% of sodium chloride solution). Two cubic centimeters 
of thromboplastin solution and 1 cc. of fibrinogen solution are mixed just before the 
test. 

Performance of Test: 
The mixture of thromboplastin and fibrinogen. In the amount of 0. 2cc. Is placed 

In a test tube In a water bath at 3~ C. for five minutes. The serum to be tested Is 
warmed In the water bath at 37° C. for five minutes. One-tenth cubic centimeter of 
the serum Is blown strongly Into the thromboplastin-fibrinogen mixture ( the Umer 
should be started simultaneously). and the time for the clot to form Is determined 
as In the plasma prothrombin test. 

The clot Is formed as a fine web, and the person performing the test should watch 
carefully for it. There arc other precautions to be observed. The serum must be 
refrigerated at 4° C. for a maximum of 60 minutes If It fa not used Immediately. 
The thromboplastin and fibrinogen must be mixed just before use. All reagents must 
be warmed at 3~ C. for five minutes before use. The test is Interpreted as follows: 
tlme lon=:cr than 30 seconds .•. normal range; time shorter than 20 seconds ••• abnor
mal range; and time between 20 and 30seconds .•• doubtful. 

Note: 
--BaSO 4_ plasma entirely devoid of prothrombin and pro-convertin may be used 
lnotead of Ilbrlnogc~:~. 
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Reference: 

SALICYLIC ACID 
Serum or Plasma 

Bernard B. Brodie, Sidney Udenfriend, and Alvin F. Coburn: J. Pharmacol. 
Exp. Therapeutics 80, 114-117 (1944) (Modified). 

Reagents: 
Salicylic acid ·solution, stock standard, 100 mg. per 100 ml. Dissolve 118 mg. of 

sodium salicylate (U.S. P. cry st. Merck) 1n water and dilute to 100 ml. Mix. Stable 
when stored In refrigerator. 

8 !i HCl. made by ·diluting concentrated HCl with an eqWll volume of water. 
Etl'\Ylene dichloride (Eteylene Chloride, Eastman fl32). 
1% Fe(N03)3• 9H

2
0 in 0.0'1!! UN03• Dissolve 1 g. of ferric nitrate, A.c.s. ln 

water. Add 0. 44 ml. of concentrated nitric acid and dllute to 100 ml. Mix. Thi• ts 
a stock solution. 

Dilute ferric nitrate solution. Add 3 ml. of above stock solution to 100 ml. of . 
dlstllled water. Mix. Keeps a few days. 

Sodium sulfate, reagent aneydrous. 

Procedure: 
Into a clean dry glass stoppered 60 ml. bottle place 1 ml. of serum or plaCJma. 

Add 0. 2 ml. of 6 N HCl and 15 ml. eteylene dichloride. Shake 5 minutes, preferably 
by machine. Add approximately 1 g. anhydrous. sodium sulfate. Shake 1 minute . Pour 
the organic layer into a tube, stopper with a cork, and centrifuge until clear. 

Remove 10 m.l. to another clean, dry bottle. Add 15 ml. of dilute ferric nitrate 
solution. Shake 5 minutes. Transfer 10 ml. of the aqueous layer to a cuvet. Read 1n 
a photometer (515 mu) usag distilled water for a blank. 

Calculation: 
Construct a standard curve by analyzing 1 m.l. quantities of aqueous salicylate solu

tion of varying concentrations, by the above procedure. 

Interpretation: 
Satisfactory plasma levels for· treatment of rheumatic fever are 36 to 40 mg.% of 

salicylic acid. See Alvin E. Coburn: BUll. Johns Hopkins Hosp. 73, 435-464 (1943). 
It is important to use the chemicallllUllysis to control therapy, since the therapeutic 
dose is very close to the toxic level. 

Note: (1) Save the ethylene dichloride solutions for recovery by dlsUllatlon. (2) By this 
modification the absolute extraction of salicylic acid is only 95.8% complete but since 
standards and unla10wns are treated In an identical manner, 100% recoveries are obtain
ed. 
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k)QDIUM. }-l\"D POTASSIUM 
Serum, Urine and Tissue 

References: 
1. Barnes, R. B., Richardson, D. Berry, J. W., Hood, .it. L.: Ind. f:ng. Chem. 

Anal. Ed. , !1., 605 (1945}. 
2. Berry, l. \\'., Chappell, D. G •. and Barnes, h. B., ibid., .!§, 19 (1946) 

Principles of Flam~ Photomet:ry: 
In flame photometry, an aqueous sc lutlon ls atomhed uuder reproducible condi

tions by some sort of spraying apparatu ·t. The vapor 1:; conducted to the air intake of a 
gas burner and ignited. At the relativel_1low temperatlll'e of a gas burner, ~·oat ele
ments arc not energized to emission ter t.perature and c .• nly llodium, potassium (and to 
a lesser degree calcium and nlagneslum.l emit light. 

The intensity of the light emitted is measured by l photocell with an appropriate 
filter combination (a prism or grating s_)ectrophotometp,r may also be used to isolate 
the light \\"avelengths of interest). By m-~asurlrl.g the lotenslty of light given by solu
tions containing known concentrations, r curve can be ·Jbtalnee. which :~elates. the in
strument reading to concentration. Thlt is known as t:1e "DiNct" method. 

Many factors lnfluence the intensity ·of light emitted. and n.~asuret. using a solution 
of constant composition. Some of these :ue listed. 

1. Gas flow rate 
2. Air flow rate 
3. Temperature of flame 
4. Rate of atomization 
5. Efficiency of atomization 

· 6. Presence of other ions (antons and cations) 
7. Efficiency of filters, or of the pJ ism or gratin& used t(: isolate wavelengths of 

light. 
8. Stabillty of light measurement srstem (photocells) amplifier , ~~-and galvan

meter 
9. Purity of air supply (if burner supply is atmospheric). 
Some of these factors can be controlled, some are inter-related, others may vary 

erratically or are uncontrollable. The "Internal Standard" was developed to minimize 
the effect of variation in these factors. 

In the "Internal Standard" procedure, a known ~oncentration of a salt contalnlng an 
element with an emission line different from the element being deterl:lined, is added to 
the standard and to the unknown series of solutions. Lithium salts are commonly. used. 
In this· method the lithium emission is affected to the same extent as that of the elcmotlt 
being determined by most of the foreign influences listed above. Instead of roeasuring 
direct intensities, the ratio of the intensities of light produced by {<.. .. g_.) sodium to 
lithium is measured, and the ratio_ is _not alfected by the variable factors, 1-R. 
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~;entH: 

1. Stocl~ llth.lurn ~:;olnllon 2 N -
LICl 8·l. 80 1~· /liter 
or LINO, 137. UO g. /liter 
or Ll2cd~J (I IIN03 to dlasolve) 73.89 g. /liter 

2. Dilute Ll solution: 20 ml. of stock diluted to lllter with disttlled water 
3. Stock mixed oodium and potassium standard 

KCl (dry) 0. 447!) . ! 
NaCl (d.ry) 9 . 3526 g.) Diluted to 1 liter with distilled water 

TL•J makes a solution 160 meq. Na and 6 meq. K per liter 
4. Dilute mixed standard - see under Procedure 

Procedure: (using the Baird flame photom11ter) 
1. Preparation of sen1m: 

Collection should be made in plain tubes, avoiding rough handling and hemolysis 
which will release potassium into the serum. Merely allowing serum to stand over · 
cells for prolonged periods will cause high serum K values .. 

2. Lighting and adjusting burner: 
a. Turn on air at stopcock, 
b . Turn air regulator control clockwise untll 5 lbs. /sq. inch is registered on 

the dial. 
c. Turn on gas and light burner at top \\'lth lighted match. 
d. Increase air pressure to 10 lbs. /sq. inch. 
e. Allow npparatus to warm up 15-20 minutes before callbraUon. 

Sodium Standardization 
1. Preliminary adjustment 

a. Rotate the filter wheel to the Na position. The filter wheel must CL!CK 
into position. 

b. Set the SENSffiVITY knob to the indicated mark. , ... bout 10% of full rotation). 
c. Set the BALANCE control at 700. 
d . Set the se lector SWITCH at DffiECT. 
e. Using the galvanometer knob, adju:3t the galvanometer to read zero at the 

center of the top scale, thus: 

~~~~~~~·~~ ~~~~~~~~~~~~~~~~ ~t:i~rn~ill~l:~~~~~ ~~~~~~~~·~~~~~:~ 
:l. Stn.nd:trdization 

a. Set the selector SWITCH to INTERNAL STANDARD 
b. Pour d.ilut.c mixed standard into the funnel. 
c. Adjust the SENSITIVITY 1to return the galvanometer to zero. (After this 

point, DO NOT HEADJUST TilE SENSrfiVITYI 
d. After the funnel has run drv. set SWITCH to DffiECT. 
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e. Using th~ gah•anometer knob, adju~t the galvanometer to read zero. 
f. R~set the SWITCH to INTEHNAL STAl\1JARD • . Pour more dilute mi.xPd 

standard into the funn~l and adjust the BALANCE control to zero the ~lvanometer. 
g. Repeat steps d, e, and I until it Js not necessary to make any adju.stm~nt to 

~t?ro the galvanometer when 
(1) the funnel is dry and the SWITCH at DffiECT 
(2) the t'unnelis full of dilute mixed standard and the SWll'CH at INTERNAL 

STANDARD. 

Potassium Standardization: 

1. Preliminary adjustment 
a . Rotate the filter wheel to the K position. 
b . Set the DALANCE control at 250. 
c. Set the SENSITIVITY knob 11t the indicated mark (about SOCJ, of tull rotaUoD). 
d. Set the selector SWITCH at DmECT. 
e. Using the galvanometer knob, adjust the galvanometer to read zero at the 

center of the scale. 
2. Standardization: 

Carry out steps a-gas .under sodium standardization. 

Procedure for 1. 00 ml. serum: 
1. ·Prepare dilute mixed standard by rinsing out a glass-stoppered 100 ml. vol

umetric flask with dilute lithium solution at least three times 
2. Pipet 1. 00 ml. o! stock mixed standard into the flask. 
3. Dilute to the mark with dilute lithium solution and mix well by rApeated inver

sion with shaking. 
4. Prepare the serum dilution ln a similar manner uslllg 1. 00 ml, .serum. 
5. Compare the serum dilution with the dilute standard as outlined below. 

Procedure !or 0. 200 ml. serum: 
1. Prepare dilute mixed standard by rinsing out a glass-stopp~reCllOO-ml. vol

umetric flask with ·dilute lithium solution at least 3 times. 
2. Fill to the mark with dilute lithium solution. · 
3 . Add to this(lOO ml. of dilute lithium solution) 1. 00 ml. of stock mixed standard. 

. J 
(This results in a 1:101 dilution of the standard.) 

4. Into a dry 50-ml. Erlenmeyer flask pipet 20 . 00 ml. of dilute lithium solution. 
With a "to contain" 0. 20 ml. blood pipet, add 0. 200 ml. serum, rinsing back and forth 
at least eight times. Care should be taken to avoid touching the glassware with the 
fingers since perspiration is very high in Na and K. This results in a 1:101 dilution 
of serum 

5 . Compare the serum dilution with the standard as outlined below. 
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Compnrlson of Standard and Unknowns: 
1. Slnndardi:t.e the instrument for sodium or for potassium as outlined above. 
2. Pour dilute mixed standard into the funnel and adjust the BALANCE control to 

zero the galvanometer. Record the dial reading R8 • 

3. After the standard has passed through the aspirator, pour some of the serum 
dilution into the funnel, and again adjust the BALANCE control to zero the plvanometer. 
Record the reading Ru. 

Calculation: 

(Ru/Ra) X C
8 • Cu 

Example: 

Na ..! 

Rs -- 710 a. : 211 

Ru = 606 Ru = 10'1 

The standard contained 160 meq Na and 6 meq K pet liter. 

Na (606/710) x 160 = 137 meq Na/Uter. 

K (207 /256) x 6 = 4. 85 meq K/Uter 

Interpretation: 

See under Electrolytes (Appendix p. 321) 

Note: Exact amounts of lithium to use and exact setting of the BALANCE control will 
vary with the sensitivity of the photocells. 
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SULFA DRUGS 
Blood, Urine and Spinal Fluid 

Reference: 
Bratton, A. C. and )farahall, E.K.: J. Bioi. Chem. 128, 531-550 (193~. 

Principle: 
The drug is dlazotlzed and, after excess -nitrous acid has been destroyed by 

SulfaiD:Ic acid (HN02 - ~ HOS02~2 • H2so4 f H
2

0 f N
2
), ls coupled Ytith N-(1-uaphthyl)

ethylP,nediamlne dihydrochloride to form a colored product (an azo dye). 

Reagents: 
Sapontn, 0. 05%. 0.5 g. in 1000 ml. of water. 
Trichloroacetic acid (TCA), 15% 1n water and 3% In water. The U.S.P. grade ls 

satisfactory. 
~odium nitrite , 0.1% 1n water. Make fresh from 50% NaN0

2 
(refrfg.). 

Ammonium sulfamate (NH4oso2NH2), 0 .~i% 1n water. Ma~ fresh. 
Coupltng reagent . . N-(1-naphthyl)-etbylenedlamlne dibyd.rocbloride, 0.1$ln 

H20. Fresh daily. 
Stock standard sulfanilamide. Weigh accurately 0.1000 g. of sulfanflamlde, 

transfer quantitatively to a one-liter volumetric flask, dissolve ln bot water, cool to 
room temperature, dilute to volume •. and mix. 1 mL :a .0 .1 mg. This solution will 
keep several months in a refrigerator. 

Dilute Btandard. Into a 100 ml. volumetric flask containing 18 mi. of 15$ TCA 
pipet 3 ml, of stock standard, dilute to volume, and mix. Ten ml. of the dilute 
standard contains 0. 03 mg. 

Procedure: 
Into a 50 ml. volumetric flask place 15 ml. of.o. 05% apollbk solution. Acil1 mi. 

of blood. When 1aktng Is complete, add 10 mi. of 15% TCA. Dl1ute to the mark. JUx. 
Filter, Transfer 10 ml. of filtrate, 10 ml. of the dilute standard, and 10 ml. of 3$ 
TCA Tespectlvely to three dry photometer tubes, and treat each u follows: Add 1 mi. 
of 0.1% NaN02 solution. Mix. Let stand 3 mln. Add 1 ml. of 0. 5$ ammonium sulfa
mate, Mix. Let stand 2 min. Add 1 mi. of coupling reagent. Mtx. Let stand 10 miD. 
Read In photometer. 

Klx, let Mix, let lOx, let BtaDd 
Photo- TCA stand 3 stADd 3 10 mJn.Read 
meter blood Dll. 3$ 0.1$ mln. Add mln.Add In 

tube filtrate std. TCA NaN02 ammonium sulfa- coupllilg Photometer 
no. ml. ml. mi. -ml. ,mate. mi. retlJ( •• mt. T D 
1 10 1 1 1 --
2 10 1 - 1 1 --3 10 1 1 1 100.0 0.000 



Calculation: 
(Du/0

8
)·0.03(100/0.2) = (Du/08 )·15 mg. of drug/100 ml. blood 

Comments: 
Saponin can be replact!d by water if enough time is allowed for laking to become 

complete before addition of CC13COOH. Some of the drug is present 1n an acetylated 
form. Determination of this form requires hydrolysis of the filtrate wtth acid before 
dlazotlzation and coupling. Some sulfa derivatives are so little soluble that 1t la advis
able to add 5 ml. of 2. 6 ~ NaOH to the water in which the drug is diaolved to make the 
stock standard. Amount of color developed by equal weights of .eulfa drug.- is approxi
mately inversely as their molecular weight. R is better to use aa a standard the par
ticular derivative which is being determtned. 

For urine, use a 1 to 10 dilution with water. Saponin Is not needed. Use the pro
cedure as for blood on this dilution includtng the treatment with TCA. 
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TJIIOCYAUATE 
~~rwn 

Reference: 
Dowler, R. G., Diochem. J. 38, 385 (1944). 

Principle: 
A protein-free filtrate (trichloracetic acid) to reacted with an excess of ferric Ions 

In 0. 5 N 1IN03 -which have been found to be optimum. The red color (ferric thiocyanate) 
ts unstable eFiozcially 1n sunll~ht. The color should be read Immediately using 615 mu. 

Rear;ents; 
1. Trlchloracettc acid, 10% solution. Dissolve 10 grams in water, make to 100 ml. 

and filter. 
2. Ferric nitrate-nitric acid reagent. Dissolve 80 grams of ferric nitrate Fe(N0

3
)3 

9H2o, in 250 ml. of 2!! nitric acid, make to 500 ml. with water and filter. Concentra
ted nitric acid is approximately 16 !! so that 2 ~ acid contains very nearly 31.6 ml. of 
cdncentrated acid in 250 ml. Keep 1n the dark. 

3. Standard thiocyanate solution. Prepare a standard solution containing 10 mg. SCN .. 
per 100 ml. of solution, by dllut~ 1 to 100 with water a thiocyanate solution containing 
1 gram SCI~ per 100 ml. Standardize aga.tnst silver nitrate solution. Twenty ml. of ~10 
silvet' nitrate would require 11. 6 ml. of the thiocyanate soluUon. Or, If N/10 thiocya
nate Is kept 1n the laboratory, the standard thiocyanate (10 mg. per 100 ml.) can be pre
pared by diluting 1 ml. of thJ..s to 58 ml. with water. 

Procedure: 
Pipet 1.0 ml. of serum. Into a test tube, add 6.6 ml. ~0 and 5.0 ml. 10$ CC13COOH. 

Mix and allow to stand 10 - 15 minutes. Fllter through WbaJ:man IDter paper f40. 
To 5. 0 1111. of filtrate add 5. 0 ml. ferric nitrate reagent and mix well. (Keep out 

of bright light). 
Prepare a blank, using serum known not to contain thlocyanale aDd a standard as 

follows: 1 ml. normal serum {- 6. 5 ml. ~0 1- 1. 0 ml. thloc:)oauate 8tandard 8Dd 5. 0 ml. 
10% CCljCOOH. 

Calculation: 

Interpretation: . 
Thlocyanates are used In the treatment of hypertension and in the estlmatloa of 

total body water. Above about 12 JD(.. " to.xlc symptoms ~ appear. Therapeutic: 
levels are about 10 JDg. $. 
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TIIYJ.lOL TURBIDITY 

Reference: 
llucrga. J. de Ia. and Popper. H •• J. Lab. Clln. Med •• ,!!. 8'17 (1949). 
Rucci. H •• J. Lab. Clln. Med •• 32, 1266 (1947). 

Principle: 
n has been found that sera added to thymol solutions give turbidities. espec~ 

ln liver disease such as lnfectlous hepatitis. The amount of turbldlf¥ is measured aptnat 
the standard turbidity tubes described under TURBIDrrY STANDARDS. o. 329. 

Solutions: 
1. Thymol In alcohol10%- 10 g. a.nbydrous thymol dissolved up to 100 ml. with t&l 

ethyl alcohol. Keep In refrigerator. 
2. Half-strength Thymol-Buffer. Use only untll turbid. 

Barbital (Barbituric acid) 2. 76 g. 
Sodium Barbital 2. 06 g. 

Make up to 800 ml. In a 1-llter volumetric flask. add 6. 0 ml. of 10% alcohollc 
thymol solution. shake well to dissolve and fill with water to the mark. Mix. 

3. Full strength Thymol-Buffer (use only until turbid). 0.& ml. of 10$ thymol Ia 
diluted to 100 ml. with half-strength Thymol-Buffer. shaking well to dissolve. 

Procedure: 
To 6.0 ml. qf full strength Thymol-Buffer In a large (22 x 200 mm.) standardized 

photometer tube. add 0.100 ml. of serum, using a ''to contaJn" pipet. Mix. allow to 
stand 30 minutes and read against Thymol-Buffer blank, at 644 mu. 

Calculation: 
From transmission reading, look up optical deulty and refer to ptph of optical 

density vs. thymol or turbidity units. 

Example: 
A serum gave a T of 83.6 correspondinc to an opUc:al dellafty of I. 0'18. Thill rep

resents 1. 8 turbidity units as read from the sraph. Noi'ID1llly. ,_. ..US are obtained. 
(usually 1-2). Elev-.t.tlons up to 20 units are seen In llver dl.eaae. e8peclal);y IDfecUous 
hepatitis and cirrhosis_ 

Precautions: 
1. Clear, uncolored thymol buffer is essential. 
2. Good mixing of serum and buffer is necessary. 

Notes and Interpretation: 
The change ln and lncreaAe of gamma globulins are mainly re.,.,.,....le for positive 

results. Also, however. the amount of phospholipid, _ and qualitative ~ Ia &he al
bumin. are important. 
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TltANI.IA~JNASE - Serum 
(Serum· glulamlc-oxalaceltc tranuamlnaue ("S-GOT'') 

References: 

1. Steinberg, D., B:llcJwln, D., and Ostrow, B. II.: A clinical method lor the 
asa.'ly of serum glutamlc-oxal3.cetlc transaminase. J. of Lab. and Clln. Med. 
48, 144-151 (195G). 

2. Cabaud, P., Leeper, R •• and Wroblewski, F.: Colorimetric measurement 
of serum gluta!Dlc oJ!alaceUc transaminase: Am. J. of CUn. Path. 26:1101-
1105 (1956) .• 

3. Wroblewski, F., Caband, P.: Colorimetric measurement of serum glutamic
pyruvic transaminase, Am. J. CUn. Path., 2'1, 235-9 (196'1). 

Principle: 

Glutamlc-oxalaceUc transaminase catalyzes the transfer of an amino group from 
aspartic acid to alpha-ketoglutaric acid, yieldJpg oxalaceUc acid and glutamic acid, 
or the reverse: 

Aspartic I alpha-ketoglutaric. OxalaceUc I Glutamic 
acid acid S-GOT) acid acid 

This reaction is coupled with the malic dehydrogenase (MDII) reaction: 

OxalaceUc I Reduced Dlphosphopyridlne 
acid nucleotide (DPNJia) 

--~) J4allc I DPN 
MDB acid 

As fast as oxalaceUc acid is formed It Is reduced to malic acid by the acUOii of 
MDH, provided the concentrations of both }4DH and DPNH., ·are high enough. -Under 
the specified conditions of substrate concentration, pH and' temperature, the rate of 
disappearance of DP~ Is directly proportional to the S-GOT concentration. The 
reaction is followed ~y observing the -decrease 1n the characteristic Ught absorptloa 
peak of DPN~ at 340 mu where DPN has vi~ no absorption. 

This test Is highly specific for transaminase and ls reproducible wlth a Bta4da.rd 
dr.vlatl~n of t6 per cent. 
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~pnrahw: 

This reaction can be followed In the Deckman DU npectrophotomcter or the Dausch 
and Lomb's spcctronlc 20 colorimeter (spccl:t lly calibrated at 340 mu). Any apectro
photometcr calibrated at 34.0 mu can be used. The llccltman DU spectrophotometer, 
however, affords somewhat greater precision. 

Reagents: 

1. Potassium phosphate buffer, 0.1 M, pH 7.4. 
13. 97 grams buffer quality anhydrous K

2
HP04 I 2. 69 grams buffer quality 

anhydrous KH2 PO 
4 

made up to 1 liter wi,th water. ·Store in the cold. 

2. 0. 2 .M L-aspartic acid, sodium salt. 
2. 662 grams L-aspnrtic acid dissolved in 70 ml. of solution (1). Adjust to 

pH 7.4 (approximately 20 ml. 1 N NaOII). Dilute to 100 ml. Keep frozen. 

3. Reduced diphosphopyridine nucleotide (DPNH2). 
Available in different degrees of purity. If usin'g 70% pure DPNH

2
, take up 

10 mg. in 10 ml. of (1). If using 90/% pure DPNH2 , take up 7.5 mg. in 10 inl. of (1). 
When diluted 1:10 as in the assay procecJ•tre this solution should give an optical d'!n
sity about 0. 5 at 340 mu. 

4. Malic dehydrogenase (JI:iDH). 
Potency varies from batch to batch. Enzyme should be diluted with (1) so 

as to contain 2000 MDH units/ml. Refrigerate. 

5. 0.1 M alpha-ketoglutaric acid, sodium salt . 
1A7 g. alpha-ketoglutaric acid dissolved in 70 ml. of solution (1). Adjust 

to pH 7. 4 (approximately 20 ml. 1 N NaOH). Dilute to 100 ml. Keep frozen. 

Procedure: 

l. For each serum to be assayed prepare two tubas as follows: 

0. 2 1'.1 aspartate 
MDH (2000 tmits/ml.) 
DPNH

2 
(0. 75 to 1. 0 mg. /ml) 

Serum 
0 . 1 M phosphate buffer 

Contr-ol Tube 1 

0. 5 ml. 
0.1 ml. 

0. 3 ml. 
1. 9 ml. 

Assay Tul:e 2 

0. 6 ml. 
0.1 ml. 
0. 3 ml. 
0.3 ml. 
1. 6 ml. 

2. After thoroughly mixing, allow tubes to stand for 30 minutes. This pre
incub~tlon period is crucial to -.:xhaust the intrinsic DPNH2 oxidizing capacity of 
the serum sample. 

259 



3. After 30 mlmdes ~add 0.2 ml. of 0.1 M alpha-ketoglutarate to each tube and 
m~ap~. -

4. Using tube 1 as a blank, read the optical density of tube 2 at 340 mu exacUy 
2, 4, 6, 10 and 15 minutes after step 3. For samples of low ac-tiivlty another ·read
ing can be taken at 20 minutes. With samples of high activity the ·optical 4enslty 
may fall below 0. 200 in the first 6 minutes, indicating that the !GOT leve1ts probably 
over 100 units/mt. To obtain an accurate value the test shotild 'be repeated using 
a 1:2 or 1:4 dilution of the serum (diluted with solution 1). 

Temperature 
oc 

21 
22 
23 
24 
25 
26 
27 
28 
29 

Calculations: 

TEMPERATURE CONVERSION FACTORS 

fT 
Temperature 

oc 

0.73 30 
0.80 31 
0.88 32 
0.93 33 
1.00 34 
1.08 35 
1.14 36 
1. 22 37 
1.30 38 

1.37 
1.44 
1.62 
1.61 
1.70 
1.80 
1.89 
1.98 
2.10 

One unit of GOT ls the amount of enzyme that wJll cause the reading at 340 mu 
to decrease at the rate of 0. 001 0. D. units per minute per centimeter light path at 
25°C. under the described conditions. 

Before any assay results are accepted for calculation, the linearity of the re
action rate is c-onfirmed by inspection or plotting of the readings. Within the limits 
of error for reading the instrument, the rate of change 1n 0. D. should remain con
stant during the assay. H the rate is linear, the difference between any two readings 
can be used in calculating results. Errors due to instrument instablllty, reading 
errors, etc., are minimized by using the first and last readings •. 
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GOT (unlt.s/ml.) : ( 0 · 0 1 - O.D.2 

t2 - t1 
- MDII bluntt•) X _!_ X 1000 

fT ml. aorum 

where: 
O.D. 1 - optical ckmolty at t1 

0. D. 2 : optical dcnoily at t2 

- time (mlnuteo) 

fT = temperature conversion factor 

• MD H blank - see the Notes Section for significance. 

Sample Calculation: <A slm.Uar data sheet should be made out for all determinationa) . 

Tfme (Min) 2 

Sample No. 1 0.490 

Sample No. 2 0.475 

"Sample No. 1" 

GOT (units/mi.) 

Optical density readings 

4 6 

0.482 0.474 

0.470 0.455 

_ 0 •• 90 - 0. 437 X 1 
1.22 15 - 2 

- 11.1 units/ ml. 

10 

0.457 

0.427 

Temperature 

X 1000 
0.3 

15 

0.437 

0.392 

28°C 

In calculating Sample No. 2 the optical density at t 1 would be 0 •• 70 since it was 
at this point that the reaction began to fall at a constant rate. 

St3ntbrdfzaf.Jr.m: 
A referen.ce standard of the GOT enzyme is not at present avallahle. However, 

if the following two criteria are met :it can be concluded that the assay is working 
properly. 

1. The curve for DPNU
2 

disappearance is stricUy JJ.near in all assay&. 

2. The rate of the reaction is directly proportional to GOT concentration. Graded 
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aliquot::~ of the s ame S('J·um tiamplt• arc assayed on the same day. The rates of 
DPNH2 disappearance should be in direct proportion to the size of .sE'rwn aliquot used, 

NOTES ----
MD II Blank . . Preparationo of malic dehydrogenase generally contain small but 

measurable amounts of GOT activity. The leve l of this GOT activity should be checked 
for each batch of 1\IDH. The assay is run in the usual manner, substituting phosphate 
buffer for serum, and the observed rate of fall in optical density at 340 mu is sub
tracted !rom the observed rates in all assays. If the MDH blank is less than 0 . 0005 
per minute it can be neglected for most purposes. 

Temperature. As with all enzymatic reactions the rate of this coupled reaction 
varies markedly with temperature . For maximum accuracy and reproducibility, tubes 
should be incubated in a constant temperature bath. However, provided room tempera
ture Is sufficiently constant, it is possible to obtain accurate and reproducible results 
in!=ubating the tubes in room air. 

Normal red bloorl cells contain GOT at a much higher concentration than normal 
serum. Hemolysis must be avoided during collection of GOT concentrations in serum 
and plasma. Heparin and oxalate do not interfere with the assay. GOT in serum is 
stable at refrigerator temperatures for 3 weeks. 

Glutamic -oxalacetic transaminase is only one of many transaminases. Other 
transaminase a can be. determined by this method by using the appropriate substrate 
and enzyme. For example· glutamlc-pyruvic transaminase can be determined by thJs 
procedure by substituting alanine for ~u~partic acid and lactic dehydrogenase for malic 
del\}'drogenase. 

When using a Beckman DU spectrophotometer it is not necessary to run a separ
ate blank for each serum to be assayed. It is possible to assay three samples at a time 
by using a. common blank (thJs common blank can be prepared by diluting serum with 
phosphate buffer in the ratio that it is diluted in the assay samples). Satisfactory re
sults can be obtained by this modification . 

It has been reported that aspirin administration can tnfluence the serum activity 
of glutamic-oxalacetic and glutamic-pyruvic transaminases in chJldren (Manso, C., 
A. Toranta, and I. Nydic. Effect of aspirin administration on serum glutamic-oxala
cetlc and glutamic-pyruvic tansaminases 1n children. Proc. Soc. Exp. Blol. & Med. 
~.;J: 84-88 (1956) . 

Interpretation: 

Normal values are usually he! ·Neen 10 and 33 unlts/ml. of serum for glutamlc
oxalacetic transaminase. GOT levels rise within 24 hours and fall to normal by the 
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6th day ••rtcr acute myocardial lnrarcllon. In rct:(mt myocardial Infarction the values 
aa·c ch~v••h•d ofl••n to 100-200 unllu/ml. and occ:udonally to severallhoueand units. 
Elcvatlonu arc alao accn In jaundlc(~d J.:tllcnttJ with acllvc liver disease. 

The measurement of serum glutamic-pyruvic lransamtnaae alterations has been 
found to be a ut~cful tool In the diagnosis ;md study of acute hci>atlc disease and appears 
to be more sensitive th:m S-GOT In depleting acute hepatocellular damage. Normal 
values for glutamic-pyruvic transaminase arc usually between 6 and 36 Wllls/ml. of 
serum. 



~kft·_n·nec: 

UREA NITROGEN 
Blood nnd Urine 

Boutwell, J.H., Jr.; Clin. Chern.,~. 205 (19!:i7). 

PrhH"ir:le: 

A dilut.ion of blood (or urine) in wRter is incu!H!.ted with ure~ae to convert urea to 
ammonia. 

A protein free filtrate is then prepared. A portion is neeelerized, and is compared 
photometrically with a standard urea solution treated eimilarly, uelng 515 mu wave
lenet_h. 

Rea.r:ents: 
1. Ethylenediamlnetetraacetfc acid (EDTA). (Trad~ names, Versene, Seq!leEtrene), 

1%, pH 6. 8 . Vle!eh out 1. 0 g. of ethylenediam!netetrc;acetlc acid, sUEpend In c:.b:.t:.t 
50 ml. of distilled H

2
0, neutralize with NaOU to pH 6. 8 (nitrazine paper or glaes elec

trode) and dilute up to 100 ml. 

2. Urease solution, 0. 5%. Weigh out 0. 50 g. of crude commercial urease (Sigma 
f2) and add to 100 ml. of the neutralized EDTA. Mix to dissolve. Keep refrigerated. 
This solution maintains its original activity for at least 4-6 weeks in the cold. Jack 
bean meal extract may be used. See notes below. 

3. Acetate buffer. Dissolve 100 g. NaC2H3o2·3H20 and 1.1 ml. glacial acetic 
acid in water, dilute to 500 ml. and mix. 

4. Urease-buffer mixture. Add 2 ml. urease solntton and 2 rul. acetate buffer to 
6 ml. ~0 and mix. Prepare on day of use. 

5. Zinc sulfate, 1%; Ba(OH)2 , 0. 06 N. Seep. 76, L:cprotch\iziu3 Methods. 

6. Standard urea solution, stock. Dissolve 0. 4287 g. of pure, dry urea 1n water 
a.nd dilute to 1 lltcr; mix. Add 2 drops toluene. Thls solution contains 20 mg. of urea 
nitrowm per 100 ml. 

7. Urea standard, dilute. Dilute 5. 000 ml. of stock standard urea solution to 100 
ml. wiU1 water. Mix. Five ml. contains 0, 05 mg. urea nitrogen. 

8. Ammonium auUatc, stock standard. Weigh out 0. 9434 am.ll).onium sulfate (pure 
and dry), diRsolvc in water, and add one drop of concentrated H2so4 , dilute to 1 liter 
with w:tlcr. Mix. F'lve ml. contain 20 mg. ammonia nitrogen per 100 ml. 
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9. Ammonium sulfate, dilute standard. Dilute fi mi. of stock standard anmtonlum 
sulfate to 100 ml. with water. mlx. Five mi. contains 0. 05 mg. of nitrogen. 

10. Nes~ler's Stock Solutlc,n (Koch-Mc:Meekin) •. Into a 5(10 mi. Florence flask place 
22. 5 g. of iodine, 30 g. of Kl, 20 ml. of water, and 30 g. of pure metallic mercury. 
Shake the mixture by rotation. The iodine and Iodide w111 quickly dissolve, and the 
flask and contents will become hot. In a short while the red iodine color will begin to 
fade. Before all red color disappears cool rapidly under cold water, and when the solu
tion has only a small amount of red color, decant the aqueous solution carefully from 

.the excess mercury, whlch.should be saved and recovered. Transfer all of the aqueou11 
portion to a cylinder, and dilute up to 200 ml. with water. 

11. Iodinated Nessler's Solution. To 100 ml. of Nessler's Stock Solution add 1.0 g. 
of pure ~ (solid). Mix. Allow to stand until dissolved, mixing occasionally. This solu
tion will require several days. If necessary, the solution may be used before the iodine 
Is completely dissolved. 

12. NaOH, 2. 5 ~· Dilute 139 ml. of 18 ~ NaOH (see Solutions p. 30) up to 1 liter 
with water. Standardize and adjust normality to a figure between 2. 48 _!!and 2. 521! • . 

P-rocedure: 

1. To 5. 00 ml. disUlled water In a test tube, add (by 8 times rinsing), 0. :.'.UO ml. 
blood from a pipet calibrated "to contain. n Mix. 

2. In addition to the blood tube, prepare similar tubes containing: 
a. 5 mi. u2o 
b. 5 ml. dilute urea standard 
c. 5 ml. dilute ammonium sulfate standard (if desired) 
d. 1 - 5 ml. of a 1:200 dilution of urine (the exact amount .depends ~n the urine 

urea concentration) made up to 5 ml. with water. 

3. To each tube add 1. 0 ml. urease buffer mixture. Mix. Incubate !n water bath 
at 50° C. for 10 minutes. 

4. Add to each tube 2. 00 ml. of zinc .sulfate, 1%. Mix. 

5. Immerse tubes in a boiling water bath for" ·.&mutes. Remove and cool. 

6. Add 2.0 ml. Ba(OH)2 , 0.061!. Mix·,: vigorous shaking. Centrifuge. 

7. Transfer 5 ml. allquots (by m ... ~.us of cotton tipped pipet) to matched photometer 
tubes. 

8. To each tube add 1. o ml. iJdinated Nessler's Solution. Mix. Then add rapidly 
(blow in) 1. 0 ml. 2. 5 _!! NaOH, mlx each tube immediately after alkalinizing. 
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9. Allow to sla.Hd 5 minutes, read within an hour againBt the reagent blank set at 
100. 

10. II the transmittance is above 90 or below 10, repeat, with more or less sample 
or Hltrate. 

Calculations: 

A. Blood. Cu = (Du/Ds) x Cs x ~; or Cu =· (Du/D ) x 6{0. 06/10' 100 
•anal s 

1
1 5 x 0.2/10 . 2 

or Cu = (Du/Ds) x 25.6 = mg. urea nitrogen/100 ml. 

B. Urine. Using 2 ml. of 1:200 dilution, 

Cu = (Du/ D8 ) x 5 x (G. 05/10) · V total .. (Du/D8 ) • 5 · Vtotal a 
(5/10) (2/200) 

mg. urea nitrogen/volume 

Comments: 

1. NaOH, 0.06 N, may be used lnst~ad of Ba(OH)2 , with only minute and occasion
al appearance of turbidities in the final solution. 

2. Addition of iodinated Nessler's solutlotrand NaOH 2. 6 N should be carried out 
at room temperature. 

3. Urease is protected from heavy metal poisons by EDTA, by blood proteins and 
by some other substances, but in urine dJluUons and in pure urea solutions, not enough 
of this protection Is present. Hence, care should be taken to separate tubes for Nessl
erization (mercury containing) from those used for incubation. Urease poisoning ac
counts for the occasional apparent failure of urease to act. 

4. The use of Iodinated Nessler's solution prevents the r~ a · · Uon of such reducing 
1ubstance.e as creatinine and urk ;\cid with the alkallne Nessler's reagent. Other oxidiz
ing agents have a similar effect. 

5. The heating of the solutions in the presence of ZnB04 is necessary to insure com
plete removal of protein by the ZnB04-Ba(OH)2 reagents. 

6. Reproducibility of color depends on rapid mlxtng when the alkaU ls aaded (Step 8). 

7. Obviously, the sum of urt.ne urea nitrogen and urt.ne ammonia Is determ1ned by 
this procedure. If a correction for urine ammonia Is desired, add the ZnBO 4 before the 
urease, heat In the boiling water bath tmmedi~tely , cool and proceed as above, using 
the value obtained as a blank value to be subtracted from the urea value. 
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8. If greater photometric accuracy 1n the low normal range Is desired. uee &.0 ml. 
of a Folln-Wu 1:10 blood filtrate (Instead of the 6. 0 ml. of water I b. 2 ml. blood). This 
then will result ln a 0. 25 ml. aliquot and Cu = (t>u/D.J • 10 mg. I urea N ID blood. 

9. Urine Ainmonla - Proceed as above with the followtag. ebaJlaes: 

a. Use a 1:100 d.llutlon of urine. 
b. Omit the addltlon of urease- buffer. Step 3. 
c. Omit the urea standard; use tbe ammonium sulfate atandard. 

CakuJatlon: UsiDg 6. 00 ml. of 1:100 dilution 

Cu = (Du/DJ • 100 = mg. NH3• N per 100 ml. urJae 

10. .Jack bean meal extract may be prepared as follows: 
Urease extract. Weigh out 1. 0 g. of ethylened.lamiDetetraaceUe acid (BDTA, 

Versene. Sequestrene). suspend It in about 60 ml. of d.lsUlled water, aad 
add 10% NaOH with stirring until the EDTA goes Jato solUUOD aacla pH of 
6.8 Is reached. In this solution dissolve 20 g. of NaC2H30z·3~0 aad 
0.22 ml. of glacial acetic acid, dilute to 100 ml. with water, aacl mix.. 
Shake this solution. with 15 g. of jack bean meal for 16 mlDutea. Celltrlhae 
at 2000 rpm for 2 minutes, and decant all Uquld portloll that wt.l1 poar aB. 
Addition of toluene and refrigeration wUl presene the extract for anerat· 
weeks. Mix before usi.Dg. This extract has a pH around 6. 21 at room tem
perature. 

Acetate buffer solutlou. Suspend 10 g. of EDTA In about 100 ml. of water, 
cllssolve with NaOH and bi'lng to pH 6. 8. Add 60 g. of NaC21faOz· 111s0 UM1 
0.66 ml. of glacial acetic acid, dissolve. dilute to 1 Uter, aad mix. 

Qreaae-baffer mixture. Add 1 ml. of urease extract to 60 mi. of acetate 
buffer solution. SUr up before use. Make fresfa dally. 
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References: 

UREA 
Blood and Urine 

1. Karr, W.O.: J. Lab. and Clin. Med. !. 329 (1924). 
2. Connerty, H. V., Briggs, A.R. and Eaton, E. H., Jr., Am. J~ Clin. Path., 

25' 1321 (1955). 

Principle: 
A tun.gstic acid filtrate is treated with urease (using a pyrophosphate buffer) to con

vert urea to ammonia. The ammonia fs then reacted with Nessler's reagent to produce 
a colloidal yellow color which is compared to the color produced by a standard urea 
solution treated similarly. 

Reegents: 

CO(N~)2 I H2o 
(Urea) 

{urease)., C02 I 2 NH3 

(ammonia) 

1. Deproteinizing reagents, see p. 76. 
2. Pyrophosphate buffer. Dissolve 14 g. sodium pyrophosphate (Na4P2o7 • 10~q 

and 2. 0 ml. phosphoric . acid (H3P04 ,. 85%) in distilled water and dilute to 100 ml. 
S. Urease solution. 

Into a 200 ml. flask, ·place 100 mi. of about 30% ethyl alcohol. Add 30 g. jack 
bean meal and 1 ml. pyrophosphate buffer. Stopper and shake vigorously for five min
utes. Centrifuge for 1/2 hour in 12 ml. heavy wall centrifuge tubes, covering the 
mouth of the tube with aluminiun foil. Transfer the supernatant to a glass-stoppered 
bottle and store under refrigeration. 

4. Potassium mercuric iodide solution: 
Into a 500-cc. Florence flask place 150 gm. of potassium iodide (Kl) A. C. B. • 

100 gm. of elemental iodine, A. C. S. , and 100 nil. of distilled water. ·shake the ~ontents 
of the flask until the iodine has completely dissolved. Add 150 gni. of ~etallic mer
cury, A. C. S. Shake the flask continuously and vigorously for 7 to 16 minutes until the 
dark red color of the iodine has become visibly lightE!r though still red. The solution be
comes quite hot at this stage. After the solution becomes pale though still red, cool the 
flask under a running water tap and continue shaking until the reddish color of iodine has 
been replaced by the greenish-yellow color of the ~ouble iodide. If the solution is prop
erly prepared, it is clear and there is a residue of shining metallic mercury. Decant the 
solution in a 2-liter volumetric flask, washing the mercury and flask with copious quanti
ties of distilled water. Dilute the solution and washings to 2 liters. If the cooling was 
begun in time, the resulting reagent is clear enough for immediate dilution with 10 per 
cent sodium hydroxide and water for preparation of Nessler's solution. Never discard 
mercury by pouring it into a sink because it; will alloy with the lead of plumbing fix-
tures and later cause leaks. 

6. Nessler's solution 
Into a 2-liter volumetric flask place 300 ml. of potassium mercuric iodide 
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solution and 1. 4.00 mi. of 10 per cent socUum hydroxide. DHuLe to the mark with ella
tilled water and mix thoroughly. Allow the solution to stand several days before use 
to allow the yellow precipitate to settle. 

6. Stock urea standard: 
Dissolve 0.1286 gm. of urea, weighed ou an analyUcal balance, In disWled 

water and dilute to 200 ml. In a volumetric flask. 
T. Working urea _ standard: 

Tran_sfer 6 ml. of stock urea standard with a volumetric pipet to a 100-ml. 
flask and make up to the mark with distll1ed water. 1 ml. of urea standard eontalna -
0. 01.& mg. of nitrogen. · 

8. !a· KI solution 
Add 2 g. ~to 3 g. KI, dissolve In a little water aad dilute to 100 ml. 

Proeedure: 
1. Prepare a 1:10 tungstlc acid filtrate of whole blood. seep. T8. 
2. ID.to.a clean. dey test tube calibrated at 9 ml •• place 1 ml. of the protem-free 

fUtrate. 
3. Into similar test tubes, place 1 ml. of water (for a blank) and 1 ml. of urea 

standard containing 0. 016 urea nitrogen. 
4:. To each tube add 1 drop of pyrophosphate buffer aad 1 drop of ureue soluUon. 

Mix well. 
6. JD.cubate at &0°C <t &~c.) for 10 minutes. Cool. Add 1 drop of 21 ... KI solu-

tion. 
8. Dilute each tube to exactly 9. 0 ml. Mix well. 
T. Cool to below 20°C. In a water bath or refrigerator. 
8. Add to each tube In tum 1. 0 ml. alkaline Nessler'• solution, mlxtnglmmedlate-

1.1 after each addition. 
9. Allow to stand for 6 minute-., read agalnst the reagent blank wlthla 80 minutes 

using a wavelength of 600 -mu (or a green fUter). 

Calculatloa: 
- (Dq/Ds) x c x 100 • mg. urea H per 100 ml. blootl 

s 0.1 

(Du/Ds} x o. 016 x 1000 = mg. urea N per 100 ml. blood 
or 

(Du/Dst X 16 

Urtae Urea: 

s mg. CJ,urea N 

1. Dilute urlne 1 to 600 with water. 
2. Proceed as outlined above, Steps Z-9. 



UREA 
Visual Colorimetric Determination 

Principle: 
Since the yellow Nesslers- ammonia complex color is dJffleult to meaaure by ?lsual 

colorimetry, lt is necessary to work with. more concentrated aolutlona. 

Procedure: 
1. Into a 26 x 200 mm. test tube calibrated at 20 ml., place a. 0 ml. of a protem

free filtrate of whole blood. 
2. Into similar test tubes place 6. 0 ml. of a urea s~dard contalntna 0. OTIS IDI· 

urea nitrogen. 
a. Add a drops of pyrophosphate buffer and a dropa of untue solutlca. Mix well. 
4. Incubate at &ooc (f. &OC,) for 10 mlnutes. Cool. 
6. Add 2 drops 2% ~· KI. DUute to 20.0 ml. Mix well. Cool to below 10°0. 
8. Add with immediate rapid mixing 2. 0 ml. alkallne Keasler's aolutloa. 
T. Allow to stand 6 minutes and compare qainat the standard l.n a vlaual colori

meter. If possible a blue or green light source should be used. 

QalculaUon 

C8 !~: : Jill. urea M per lOU 111.1. whole bloocl 

(R8 /Ru) O.OT& ill • 
0.6 

(R .. /ly X 16 • 1111·' ~a H 

Urine Urea: 
Prepare a 1:800 dlluUoa ud proceed u above. 

JDterpretaUOD: 
Normal range: 8-18 Dll· urea N per 100 ml. blood 

(equivalent to 30-36 mg. urea) 
Increased valaea are seea in reaal faUure, uriDa.ry ob.tructloD, lllCl ol.lprla. Ia 

acute nephritis, values aa hJgh as 200 IDI· I mq be reached. Decreued ftluea are 
seen 1n acute hepatic failure and IJlllOrmal prepucy. 
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Reference: 

URIC ACID 
Serum and Urine 

Brown, H., J. Bioi. Chem. 158, 601, (1945). 
Buchanan, 0. H., Christman, A. A. and Block, W. T., J. Bioi. Cbem. 16'1, 

tel, (1945). 
Bermann, F. , and Klksteln, J. lUol, Chem •• 211, (1) 149. (1864). 

Principle: 
This method, like most, depends upon the great ease with which -uric acid Is ox:l

db.Pd In either acid or alkaline media. The ox:lda.tlon Is carried out by a special phos
photungstic acid ill the presence of alkali and sodium cyanide (to l.ntenalfy the color 
obtained). 

Reagents: 
1. Uric Acid Reagent (Phosphotungstic Acid): Into a 1000 ml. round bottom flask, 

which has been cleaned with dichromate sulfuric add clellllln« solution, place 160 ml. 
water, 100 g. N~Wo4·2H2o (Folln), 18.3 mi. of 85!, (13.8 M) n3:ro4 and 18.8 ml: 
coa.c. ~804 (18M.) lOx. Boll gently, two hours, uafng a reflux condenser or funnel
flask comblDatim. Cool, and dilute to oae liter with water. The reagent Is stable ID
deflnlte);y. 

2. Sodium Cyanide - Sodlum Carbonate. Dissolve 80 g. NaCN and 20 g. Na2co3 
(&Dbyclrous) dllute to oa.e liter with water. Keep refrigerated. 

3. Urea- 6Gt,. Dissolve 60 g. reagent grade urea up to 100 ml. wtth water. 
4. Urea-cyanide. Just before use mix equal volumes of re•nta (2) and (3). Dis

card exceBB each day. Do not keep. 
6. Uric Acid Stock Standard. Place 1.000 g. uric add In a fmmel on a 300 ml. 

Erlenmeyer flask. Place about 0. <l5 - 0. 60 g. lithium carboDate In a beaker In about 
i.&O mi. of water and heat at 80°C. and stir until allis dlasolved. B.Jnse the uric acid 
IDto the Oask with this hot carbonate solution and sbake until the uric acid is dluolved, 
cool under nmntng water and transfer to a one-Uter volumetric flask. Rinse and dilute 
to a volume of .-l00-500 ml. Add 26 ml. of 40% formaldeh.yde and after thorough mlxiDg 
add 3 mi. of glacial acetic acid and dllute to mark, Keep In a tJghtq stoppered boUle 
(brown) In the dark, 1 ml. : 1 mg. 

8. Uric Acid Standard Dilute. Transfer 1.000 ml. of uric add stock standard to 
210 ml. · In a volumetric flask, dilute to mark with water. Make freah each day. 1 ml. 
0.00-l mg. 

Procedure: 
A. DeprotelnlzatlOD: The usual 1:10 tunptlc acid filtrate of serum (Protein-free FU
trates, p. 78may be used). 
B. Color development: To a photdmeter cuYet add 1 ml. H20, 1 ml. serum filtrate 
and 4 ml. urea-cyanide mixture, mix well. Then add 1 ml. 1111c add reagent. and 
Immediately mix well. 
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Sot up n blnnk tube (2 ml. H20); 8
1 

tube (1 ml. H 0 .;. 1 ml. dilute standard); and 
s2 tube (2 ml. dllute olnudnrd) and develop color as aGove. 

Allow nll tubes to stand at room temperature for 00 minutes and compare photo
metrically (6•10 nt\1). 

Calculation: 
= Cu (mg. per 100 ml.) 

For s1: (D /D ) 0. 004 x 100 = (Du/D
8

) x 4 = mg. f, uric acid 
u 8 0.1 

Urine: 
A dilution of urine (1:100 ueua.l];y ie eufficient) iJI made and treated u blood ftltrate. 

~: 
Sodium cyamcle purit;y 11 essential to the euccese of the determfnatlOil. Impure 

cya.nide gives insufficient color, increue• instability of the color, and reeulte 1n the 
deYelopment of a yellow or brown color upon standing. PurW.cat.ioD can be made u 
follows: (.Medical and Public Health Laboratory J4ethoda, Simmons, l. T., Geutzkow. 
C. J., Lea lc Febiger, 1~55). In a ,;ood hood, add 225 g. NaCN (reagent crade pre
viously found to be unatiefactory) to a 500 ml. fluk. Add 200 ml. boiling water. 8tlr 
a few minutes. Filter through filter paper usfng vacuum. Cover. Allow to cool over
night in the refrigerator. Collect crystals using vacuum filter. Wash twice with 10 ml. 
ice water. Partially dry, store molst 1n a brown Jar. Substances other than uric acid 
influence the amount of color obtained, 10 the method is not entirely specific. Also 
some of the uric acid is lost by deprotetnlzation. Aoother dlfficulty, eUmfnated 1n the 
procedure given, was the fact that Beer'• Law was not obeyed. In the present proce
dure Beer's Law is obeyed up to 0.01 mg. uric acid 1n the tube. and th11 1s repre•eDted 
by an optical density of about 0. 730, and corresponds to 10 mg. I uric acid. 
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~INC TUlffiiDffY (&amma globulin) 
Serum 

Reference: 

Kunkel, Henry G., Proc. Soc. Exp. Blol. II Ked. , 66, 217-224 (1941). 

Principle: 

The gamma glubulln is precipitated by zinc suliate at a pH of 1. 5 (barbity.rate 
buffer) . The turbid solution is measured photometrically, 21 6U mu, using the 
standard turbidities of Shank and Hoaglund (see Turbidity StaDdarde. p. 329. 
but expressed In MacLaglan units. 

Reagents : 

Mix tbe following reagents: 
ZnS04 ·7H20 
Barbituric acid 
Sodium barbiturate 
H

2
0 

Procedure: 

0. 024 g . (analytical balance) 
0. 280 g . 
0. 210 g. 
To make 100 ml. 

1. Place 6.0 ml. of the zinc reagent in a photometer tube. 

2. Add with a micro-pipet 0.100 ml. of serum, rinaing out 8-8 Umea. 

3. Mix well. Allow to stand 30 minutes. 

4. Shake. Read 1n photometer against a re~t blank, ualDg 644 mu.. 

Calculation: 

1. Look up optical density (T vs D table, Appendix) 

2. Refer to callbratlon chart of turbidity for units of turbldlty p. 329. 

Interpretation: 

The normal range lies between 2 and 8 unlf.s of turbidity. Certain sera with globu
lin levels ahove 6 g. '£may show values as high as 80 units. The reaction is not epeclOc 
for Uver dloeaoe . The teat was advocated by the author as being of particular value 
when applied serially throughout the couroe of acute Illness. lie found the zinc 
turbidity teot to he the most sennltlve method of detecting a Uugering hepatWa. He 
also uoed It to follow development of antlbodleo after acarlet fe.er coanleaceace and 
ln developing rheumatic fever. 
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TOXlCOI.OG Y 

From the history of ancient medicine, recordH and tr.tdiUonti Indicate that "~.!t\ 
before Ute development of modet·n sdent.lflc mct.hods there was in the field of medicine 
a knowledge of the action of venom poisons upon vario•1s animals. Although the med
Ical profession" of the early ancients consisted of sur>erstitious bellefs, lt was due to 
this very p1·actlce that there developed a school of anatomical observations. This was 
the observation of the entrails of animals. The action of polson was, therefore, ob
served. 

Ancient literature, also, bears many allusions to the knowledge of poisons. OVid, 
the poet, for example, between the years 4:3 B.C. and 17 A. D. , wrote that the arrows 
of Hercules were charged with the venoms of the Lerneian serpent. n is from this 
method of poisoning that the word polson (Latin - toxlcum for poisoning, orlgJnally 
arrow poisoning Is derived (1). 

Toxicology, ther~fore, is the science of poisons, their origin, their properties, 
their action on living tissue, the treatment to counteract their harmful effects, and 
the methods of their detection by chemical or other means (2). 

In order to understand the true meaning of toxicology a definition is needed for a 
poison, which may be thought of as any substance which when Introduced Into the living 
body and acting chemically, ls capable of causing serious disturbance of body functions 
or death of an ordinary Individual with average health (3). For our purposes In the 
Navy, only the poisons which need be present in relatively small quantity Jn order to 
cause Illness or death are of significance. 

Poisons originate from animal, vegetable, and mineral sources as well as by syn
thetic means . The properties of poisons may be acidic, basic, or neutral; organic or 
inorganic. 

The action of poisons on the system disturbs the normal functioning of a vital body 
process. The common symptoms may vary from vomiting, convulsions, coma, deliri
um, paralysis, dilation or constriction of the pupils, rapid or slow respiration, to 
miscellaneous signa such as blood changes, disturbed vlalon, urinary changes, abnor
mal coloring of the skJn, and characteristic odors on the breath. 

The minimum lethal dose of a polson Ia the smallest quantity of the substance which 
baa proven fatal. It varies considerably wlth each Individual polson, and each polson 
differs from Itself according to the mode of administration. Also certain Individuals 
have Idiosyncrasies wlalch accmmt for further variations of the action on the body. 
There are many factors whlch contribute to tills wldea(lread action. 
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The form ln which a solid, liquid, or gaseous material may be taken varies consider
ably; particle ob.e and solubilities bcJng instrwnentalin affecting toxicity. The polson 
may also enter the body in a variety of ways. The routes of admlnlstratlon in order of 
speed of absorption arc intravenous, Inhalation, Intramuscular, rectal, vaginal, and 
oral. The oral route being last because of slow absorption from the stomach. Also 
poisons are often partially eliminated by vomiting, and protein foods 1n the stomach 
act in some cases as an antidote for metallic poisons. 

The minimum lethal dose of a polson for an average 160 pound man vades from 
10 mg. aconitine, GO mg. nicotine, 100 mg. strychnine, 200 mg. arsenic, 1 to 8 gm. 
barbiturate, 15 gm. D. D. T., to one quart of whiskey (4). 

The onset of Illness is usually sudden, but not always. Symptoms usually but not 
necessarily follow the taking of food, drink, or medicine. The usual steps of treat
ment taken are: 

a. The removal of the polson from the body. 
b. The administration of antidotes. 
c. Supportive or symptomatic therapy. 

In the removal of poison from the body there are two areas of consideration - cme 
ls the artlficlal- expulsion and the other Is natural elfmfnatlon. Toxic substances can 
be removed by the use of the stomach tube, unless corrosives or strychnine are sus
pected. An emetic is very useful and easily obtainable. The chief avenues of natural 
ellmlnatlon are via the kidneys, lungs, skin, and Intestines. 

In considering the second step In treatment, an antidote ls any agent which will 
re111ove or prevent the absorption of a polson, or change Its toxic properties, or 
counteract lts physiologic effects. Antidotes act mechanlcal]y by removing the polson 
or by preventing Its absorption by enveloping the polson In some insoluble materJ.al. 
They act chemically by changing the composition of the polson Ro that an insoluble 
compound ls formed or by oxidizing the polson to nontoxic constituents. A p~siologtc 
antidote ls one whose physiologic action on the body ls opposite to that of the polson. 

Symptomatic treabnent, the third step, consists of cardiovascular, respiratory. 
or cortical stimulation and keeping the patient quiet and warm to combat collapse or 
shock. 

The occurrence of poisoning may be accidental, suicidal. or crlmlnal. Fortu
nately we do not encounter poisonings to any great extent of the latter type ln the Na'V)'. 
The rapid strides made In the science of toxicology have largely discouraged poisoning 
as a form of crJmlnal attack. As suicidal agents, barbiturJ.tes and carbon monoxide 
are two that are often employed. 
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As a rule, the Uver Is the organ which detoxifies most of the poisons held In the 
system. The hmgs a,-e the principal organ of excretion of poisons producing their 
effects by inhalation. 

The purpose of the Toxicology Laboratory at the Naval Medical School, NallUDal 
lfaval Medical Center, is.to detect qualltallvely and quantitatively toxic substaaces Ill 
organic and Inorganic material. The detection of poisons In Ussue Is an Intricate pro
cedure which demands spec~llzed training. Occasionally a polson can be detected by 
gross examtnaUoo of wrlous parte of the body. For example the heavy metals are ex
creted Ill the sallva and produce characteristic effects on the mouth and Ups. Howeftr. 
ebemtealtests are the primary means of detecUbD. 
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HEINSCU TEST FOH AHSENIC, MEHCUHY, DISMUTII, SILVER, 

AND ANTIMONY, USING MINCED TISSUE, BLOOD OR URINE 

Reference: 

J. F. Pract: Chem. Leipz. 24, 244 (1841) 

Principle: 

The common metal poisons combine with or form a deposit on copper .in an 
acid media. 

Apparatus: 

No special apparatUs needed. 

Reagents:. 

1. 5 per cent HCl solution. 
2. Arsenic-free copper foil strips (1/8" x 3/4") or 18 gage wire (coiled 

1/ 4" X 1/2"), 

Procedure: 

1. Place 5 - 10 g. of material in a suitable beaker or flask. 
2. Add 25 to 35 ml. of 5% HCl solution. 
3. Add one piece of Cu foil or wire which has been cleaned with concentrated HCl 

until bright and shiny. (Immerse strip in acid for 1-2 min~) 
4. Cover flask or beaker with watchglaas to decreas.e evaporation. 
5. Place flask on hotplate and bring to boil. 
6. Check from time to time to notice any change in color of the copper. 
7. Add 5% HCl solution as needed to replenish loss due to evaporaUon. 
8. Boil for 45 minutes. 
9, Remove Cu, wash with water, alcohol, and ether, then exalnine. 

10. Silvery gray indicates Hg, shiny gray Ag, metallic blue-black Bl, and black 
either As or Sb. 

11. A reagent blank is run for comparison. 

Calculations: None. 

Standardization or Calibration: None. 

Notes: 

1. Do not handle Cu with fingers. Use forceps. 
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2. The HCl concentration in the test must be from 2 to 8 per cent. If less tbaa 
2 per cent certain arsenic compow1ds wlll not deposit. If more thaD 8 per cent tbe 
arsenic may be lost as arsine g".l.S. 

3. The deposit Is not formed In the presence of oxidizing :agenta. 

4. Compounds also causing stains on the Cu include suUur (most commoD). Hl
enlum, gold, platinum, and palladium. 

Interyreta.tlon: 

1. This teat Js slgnlflcant only when negative. 
2. A positive test must be confirmed by other tests. 
3·. Sensttlvlty of teats as follows: 

As . . • • • . 1 mlcrogram/gm or m1 
Bl •.•••• S " " " 
llg' ••••• 26 " .. " 
Sb •••••• s " " " 
Ag ••••• 10 " " II 
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ARSENIC DETERMINATION IN ORGANIC MATERIAL 

:{!eferences: 
1. Association of Official Agricultural Chemists, 'lt.h Ed. , p. 369 (1950) 
2 . Sandell, E . B.: lnd. " Eng. Chern. (Anal. Ed.) 14, 82 (1942) 
3. Bamford, F. : Poisons, The PtakJston Co. , 3rd Ed., pp. '16-77 (1951) 
4. Glaister, J.: Medical Jurisprudence and Toxicology, E. && S~ Livingstone, Ltd., 

9th Ed. I p. 545-547 (U50) 

Principle: 
Organic material is destroyed by dry ashing. The arsenic (an~ Sb) are rendered 

nonvolatile by forming the stable magnesium pyroa.rsenate (and anUmonate). The dry 
ash is dissolved in hydrochloric acid and introduced into a Gutzeit apparatus where the 
liberated arsine is collected on glass wool impregnated with mercuric bromide. If 
arsine is present, a yellow to dark brown stain will form which constitutes a qualitative 
test. U positive, the arsenic will then be subjected to a quantitative test by being con
verted to molybdenum blue and compared photometrically. 

Apparatus: 
1. Photoelectric colorimeter. 
2. Gutzeit apparatus -the collection tube is packed 1n the lower end with absot'bent 

cotton dampened with lead acetate solution. Blow gently thru tube to make sure ga.a 
can pass freely. The glass wool is inserted thru the upper-most end to about 1 1/2" 
from the bottom of the tube. It should riot be tightly packed but should allow free passage 
of gases. 

Reagents: 
1. Stannous chloride solution -Dissolve 40 g. As-free SnC12• 2H2o 1n Ae-free 

cone. HCl and dilute to 100 ml. with same strength HCl. 
2. Potassium Iodide solution - 15 g. As·-free KI 1n Water and dilute to 100 mi. 
3. Lead Acetate solution - dissolve 10 g. of lead acetate. Pb(Ac)2 • 3H20 ln water 

and dilute to 100 ml. 
4. Zinc - 20-30 mesh- As-free. 
5. Glass wool - pyrex brand. Wash 1n 10% NaOH and then 1n dilute HN03 (hot). 

Rinse with triple distilled water and dry. The wool is then impregnated by soaking In 
5% mercuric bromide solution 1n 95% ethanol. Excess solution is pressed out between 
paper towels and allowed to air-drv. 

6. 6 N sulfuric acid (approx.); Dilute 16.7 ml. concentrated H2S04 acid to 
100 ml. in distilled water. 

7. ~04 solution: Dissolve 0.1 g. of KMn0-4 in water and dilute to 100 ml. 
Note: prepare fresh daily, 
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8. A mmoulum uwlyl,lclate solution -: Dh•~olve 1 g. of ammonium molybdate 1n 
10 mi. of water and 1>0 mi. of 6 ~ t::ulluric acid. 

9. Hyd.ra.zine t1Ullate t:olutiou -Dissolve 0. '-5 g. of f\yd1·azJ.ne sulfate 1n 100 ml. 
of water. Note : prepare f1·esh daily. 

10. COLOH REAGENT: Mix 5 ml. of ammoniwn molybdate solution and 5 ml. of 
hydrazine sulfate solution and dilute to 5.0 ml. 

11. St..'l.ndard Arsenic solution -Dissolve 1. 32 g. of Bureau of Standards As
2
o3 iD 

25 ml. of 20% NaOH, saturate with C02 , and cJllute to 111ter withfresh triple distilled 
water. 1 ml. equals 1 milligram of arsenic. ·Prepare fresh dally a dilute standard by 
taking 1 ml. of the above standard and diluting to 1 liter with water. 1 ml. equals 
1 microgram (gamma). 

12. Magnesium nitrate solution- Dissolve 200 g. of reagent magnesium nitrate in 
160 ml. of water. 

13. HCl -Approximately 22% As-free HCl. 
14. MgO- Reagent grade powder. 

Procedure: 
1. Weigh 10-15 g. of organic material into a suitable Vycor or silica dish (not 

suitable for bone). 
2. Add 4 mi. of Mg(N03)2 solution for every 10 g. of tissue taken and sufficient 

MgO powder to render the mixture alkaline. (2g. Mg0/10 g. tissue). 
3 . Evaporate to dryness on low hotplate by gradually increasing heat until dry, but 

avoid spattering. When dry, place in muffle furnace and slowly bring temperature up 
to 600 degrees C. Keep at this temperature at least 6 hours, preferably overnight. A 
fairly white colored ash should result. With organs high in blood, a yellow color due 
to iron will be present. 

4. Cool, and add with stirring 22% HCl (caution, add slowly to avoid spattering). 
Use 10 ml. for every g. of MgO used. This will give a clear solution of the proper 
acidity for Gutzeit test. (If not clear, heat to boiling on hotplate, cool and filter). 

5. Transfer to Gutzelt apparatus using 25 mi. of water. Add.2.0 ml. KI solution 
and 0. 5 ml. SnC12 solution. Allow to stand for 20 minutes . 

6. Add 3. 5 g. of Zn and place the absorption and collection tube 1n place; allow 
the reaction to proceed for 90 minutes, keeping the apparatus Immersed in a beaker of 
tap water. 

'I. A yellow to brown stain on the glass wool ind.f.cates the presence of arsenic.. A 
blank control is run on all reagents used and a positive control of 6 micrograms of As. 
If the unknown Is posltive, a quantitative determination is made. 

8 . Prepare an oxidizing solution by mixing 8. 0 ml. water, 1. 6 ml. of 6!! H2so4, 
and 1. 2 ml. of KMn04 solution. 

9. 1. 4 ml. of this mixture is placed in an Erlenmeyer flask (50 ml.) and the glass 
wool pledget is pushed out of the collection tube into it (~sing a small wooden applica
tor stick). A amall amount of the solution is sucked up into the tube to wash an.Y a.rsen
tc on the side of the tube into the main solution. Allow to stand 15 minutes. 
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10. Add 5 ml. of COLOR REAGENT and heat 15 m111utea on flteam bath. Cool and 
trmu:!er t.o 25 ml. glass stoppered cylinder. Wa£;h with small amounts of water. Add 
washings to solution and finally dilute to 10 ml. mark with water. Mix thoroughly. 

11. Centrifuge and decant into a photometer cuvet. Determine %transmittance 
using 5 ml. of COLOR REAGENT diluted to 10 ml. as a blank. Read at 700 mu if 
using a Coleman Jr. Spectrophotometer. 

12. The arsenic content js determined by comparison wan a standard curve ob
tained by treating known amounts of arsenic (5, 10, 15, 20·, 25, 30, 35, 40 micro
grams) with the above procedure. The blank is determined and, if appreciable, de
ducted from the amount calculated. 

Notes: 

1 . Only triple distilled water (metal free) must be used for making up solutions. 
2. All glassware must be washed with dllute nitric acid and rinsed with triple 

distilled water (metal free) until nitric acid is removed (usually 3 rinses is sufficient) 
before use. 

Interpretation: 

1. Arsenic is not a normal constituent of the human boey. However, arsenic ts so 
universally found that it may frequently be present in the human body in very minute 
amounts. When the greatest quantity detected is less than 1/10 milligram per 100 gm.. , 
but more than 1/50 milligram , the chemist must consult the medico-legal expert in 
charge of the case . Quantities in excess of those mentioned are reported as signi
ficant. 

2. Arsenic is generally present in varying quantity in Egyptian soU. 
3. The administration of arsenic on therapeutic grounds may be a cause for 

arsenic found in the body after death. 
4. The smallest recorded fatal dose is 2 grams. Recovery has however, 

occurred after larger doses . 
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LIMl'l' 'l1EI:I'l1 l•'Oli .MEHCUUY ON HIOLOGICALMAT.t:RIAL 

Maren, T. H., J . Lab. & Clin. Med., 28, 1611 (1943) 

Principle: 

Both a qualitative and quantitative determination for mercury is carried out by 
forming a metal dithJzonate color com'plex after destruction of biological materials. 

Reagents : 

1. Sulfuric acid, concentrated, ACB 
2. Nitric acid, concentrated, ACB 
3. Hydroxylamine HCl - 20% aqueous solution 
4. 0. 26 N HCl - 10.4 ml. analytical reagent dHuted up to 500 ml. with triple dis

tilled water. (1f this does not produce satisfactory results use 46. 0430 g. of constant 
boiling HCl diluted to 1 liter with triple distilled water) . 

6. Dithizone solution - 10 mg. per-liter - 1 ml. Is equivalent to 2. 5 micrograms 
of mercury. Make by diluting 10 mg. Eastman Diphenylthiocarbazone up to 1 liter 
with chloroform, ACS. 

6. Standard mercury solution -dissolve 500 mg. metall1c mercury in concen
trated nitric acid and dilute to 500 ml. with triple distilled water. To 10 ml. of this 
solution add 10 ml. concentrated nitric acid and dilute to 1 liter with triple dlstllled 
water. 1 ml. equals 0. 0100 mg. of mercury (10 micrograms per ml.) . 

7. Titration standard -dilute the above solution (1 ml. equals 0. 0100 m,. of 
mel"cury) 1 to 10 with triple distilled water. 

Procedure: 

1. Weigh out 6 grams organic material into a 100 ml. long neck Kjeldahl flask. 
2. Immerse flask in cold water and slowly add 20 ml. concentrated nitric acid. 
3. After 10 minutes add 5 ml. concentrated sulfuric acid slowly; add 3 glas• 

beads to prevent ''bumping;" add a connecting bulb to the flask; apply heat gradually 
until full heat is uaed; more nitric acid must be added U charring occurs. Continue 
to heat until solution becomes clear. 

4. Add a five ml. portions of triple distilled water , heating to S03 fumes after 
each addition. 
Important: Cool flask before adding water ~ach Hmc and add the water alowlyll 

6. Cool the clear mixture and add to the solution 76 ml. of 0. 26]! liCl and 6 ml. 
hydroxylamine - IICl aolution. 
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6. H~a.t to about '10° C. for 16 minutes; allow to· cool (R may be cooled under 
the tap.) 

7. Transfer to 500 ml. separatory funnel and dilute the solution to 260 ml. to 
bring pH to about 1. 

8. Extract with successive ~ ml. portions of dlthlzone solution, shaking each 60 
times using a glass-stoppered separatory fwmel. Each pure onnge extract will rep,;. 
resent 5 micrograms of mercury. When a mixed color is .obtamed add standard mer
cury solution in 1 microgram portions (1.0 ml.) (shaking as auOYe) until the orange 
endpoint is reached. Calculate as below. 

V. A diluted standard control of 20 micrograms (20 ml.) is run through the pro
cedure as a positive control. 

10. A reage~t blank is run with all determinatiOJlB. 

Notes: 

1. All glassware must be washed with nitric acid and rinsed with triple dlstllled 
water until free of nitric acid (2 rinses is usually sufficient). 

2. All reagents must be made up with triple dlstille~ water when called for. 
3. Platinum does not interfere at pH 1. 
4. 10 micrograms of mercury can be detected In the presence of 600 micrograms 

of copper. 
6. Gold gives a rose to purple color at this pH. 
6. Silver interferes both mechanically and chemically by decolorlzlng dlthizone 

solution. 

Calculations: (Example) 

Interpretation: 

1 ml. dlthlzone~2.6 micrograms Hg 
(ml. dithlzone used x 2. 6) - ml. Hg std used = micrograms Hg 
(2 ml. x 2. 6) - 2 ml. = 3 micrograms Hg in digested sample 

1. Normal urine, blood and tissue should contain no mercury. 

2. As little as 3 grams of corrosive sublimate has been found to be fatal to a 
child and an adult. 

3. The minimum lethal dose ls about 500 mg. of mercuric chloride. Organic 
mercury compounds vary widely in toxicit;y. 
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LEAD 
Blood, Tissue and Urine 

Reference: 
Sandell , E. B.: Colorimetric determination of traces of metals. New York, N.Y., 

Interscience Publishers, Inc. 2nd Ed. (1950). 

Principle: 
Lead is e>."tracted from digestion mixtures by repeated shaklngs with dithlozone 

chloroform solution. The chloroform lead dithizonate thus formed is extracted with 
dilute nitric acid to transfer lead to the aqueous phase. The solution is then brought 
to a suitable pH by addink an ammoniacal citrat~ cyanide solution, and the lead is 
again extracted with a portion of chloroform containing a known concentration of dithi
zone. The concentration of lead dithlzonate is found by spectrophotometric measurement of 
the absorption at 510 mu and referring the reaults to a standard curve which has been 
established under the same conditions. 

Reagents: 
1. Metal-free water: Distilled from all pyrex glass still. (Make all reagents from 

this water. Wash all glassware used in procedure with concentrated nitric acid and 
then rinse with this water.) 

2. Concentrated nitric acid: ACS-Baker's redistilled. 
3. Concentrated sulfuric acid: Analytical reagent grade. 
4. Chloroform: ACS-redistilled. 
6. Dlthizone: 100 mg. diphenylthlocarbozone per liter chloroform. 

a. Solution A: Make 1:1 dilution of stock. 
b. Solution B: Make 1:10 dilution of stock. 

6. Concentrated ammonium hydroxide: Analytical reagent grade. (Low lead 
content-0 . 0001%). 

'l . Dilute nltrlc acid: Dilute 10 mls. concentrated nitric acid to 1 .liter. 
8. Ammonium citrate: 50 grams diluted to 100 mls. with water. Make solution 

ammoniacal (pH-9) and shake with dithlzone until lead free. Remove excess dithi
zone by shaking several times with chloroform. 

9. 10 per cent potassium cyanide. 
10. 20 per cent hydrox;ylamine hydrochloride. 
11. Ammonia-cyanide mixture: 20 grams potassium cyanide and 150 mls. concen

trated ammonium eydroxide diluted to 1 liter. Adjust pH to 9. 6. 
12. 0.100 per cent standard lead solution: 0.160 grams dried lead nitrate diluted 

to 100 mls. with water acidified with nitric ·acid. 
14. Working lead standard: dilute 1 ml. of stock standard to 1 liter. (Equivalent 

to 1 microgram per ml.). 
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Proc:~dur,~: 

1. Collection of upecimen: 
a. Dlood: 60 mla. are drawn with reeuJar ayrinr~e and needle, but immediately 

transferred to a fifty ml. centrifu~e tube that has been previously washed with concen
trated nitric acid and met:1l free water. Ur;e 5-10 mls. serum for each determination, 

b. Ur.lne: 24-hour specimen is voided directly into a 2 liter pyrex, glass stop
pered bottle that has been previously washed with concentrated nitric acid and metal
free water. Use 100 ml. urine for each determination. 

2. Digestion: 
a. Samplea of the specimen should be run in duplicate when possible. 
b. Add 10 ml. of concentrated nitric acid to each sample and digest to about 

10 ml. Add 2 ml. concentrated sulfuric acid and continue digestion until sl,llfur tri
oxide fumes are given off. (If charring occura add more nitric acid as needed to clear). 
Add 3 ml. water to each sample three times, digesting to fumes between each addition. 

c. A standard (10 ml. working standard) and a reagent blank (10 ml. metal-free 
water) are taken through digestion process. Exact quantities of all reagents are added 
to all digestion flasks. 

3. Isolation of lead: 
a. Rinse digest into a glass-stoppered separatory funnel with three 5 ml. por

tions of ammonium citrate. 
b. Add 1 ml. hydroxylamine hydrochloride and five drops thymol blue indicator. 
c. Add concentrated ammonium hydroxide until solution is basic to litmus. Add 

5 ml. potassium cyanide and adjust pH to blue color of indicator with ammonium hydrox
ide. 

d. Add 2-5 ml. dithizone solution A and shake for 15 seconds. Draw off dlthl
zone into a separatory funnel and continue to extract until there is no mixed color 
formed. 

e. Shake the combined extracts with 10 to 20 ml. water containing 1 drop of 
50% ammonium hydroxide. Draw off dithbone and extract the ammonia solution with 1 
to 2 ml. of dithizone A and add this to the maJn extract. 

f. Shake the dithizone extract with 15 ml. dilute nitric acid for 30 seconds and 
transfer the aqueoua phase to a sepa_ratory funnel. Extract again with 10 ml. dilute 
nitric acid and combine the aqueous portions. Shake several times with chloroform to 
remove excess dithlzone. 

g. Add 5 ml. ammonia-cyanide mixture and 20 ml. dlthizone solution B. Shake 
for 1 minute. Read a portion of the dithizone layer wlth a spectrophotometer at a wave· 
length of 510 milJimicrons using 10 x 75 mm. square cuvets, and using ditblzone solu
tion B as the blank. 

Calcu lntionn: 
1. Per cent transmittance of the 2 unknowns, reagent blank, and the standard are 

compared with and read In microgrn.ms of lead from standard curve. Report as mg. 
per cent lead. 
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Example: 
a. Per cent iro:.nemJ.ttance unl;nown number 1 = as = 2. 5 mlcro{;'n.ms 
b. Per cent tnmsm.itt.a.nce unknown number 2 : 94.6 = 3 microb'ra.ms 
c. Per cent transmittance re~ent blank= 99 : 1 microbi"am 
d. Per cent tr2nsmJtta.nce etandard • '18 : 11 microb'rams 
f. Knowing that the reagent blank read 1 m.Jcro~ra.m and that the standard 

originally contained 10 micrograms, subtract 1 microgram from the averaa;e of the 2 
unknowns, = 1. 75 micrograms. This is the amount of lead in the ·sample taken. 

Standardization of Curve: 
1. A series of dilutions from 6 - 10 - 15 through 50 micrograms are prepared 

from the stock standard. These are taken through the entire procedure and the resulta 
are plotted. 

Notes : 
1. All reagents used in procedure must be prepared from metal-free water. 
2. All glassware used ln procedure must be washed with concentrated nitric acid 

and rinsed UmrougllJf wUh Qletal-!ree water. Traces of nlt.rlc aetd nma.1nlng in glass
ware will destroy the lead dithizonate color complex. 

Interpretation: 
1. Normals: 

a . Urine: 2.5 to 3.5 micrograms per 100 mls. 
b. Whole Blood: 0.001 to 0.006 mg. per 10 ml. sample. 

(1) Blood cells: 0. 002 to 0.11 mg. per 10 gram sample. 
(2) Blood serum: 0. 000 mg. per 10 ml. sample. 

2. Acute lead· poisoning: 
a. Urine: up to about 300 micrograms dally. 
b. Whole blood: in lead poisoning symptoms begin at 30 micrograms per 

100 ml. with severe symptoms above 60-100 micrograms per 100 ml. 
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BARBITURATES 

Blood, Urine. Tissue 

!!~~£!!.: Goldbaum, Leo R •• Anal. Chem. ~ 1604-1601 (1962) 

Rrlnciple: 

This procedure is a s.lmple, rapid, ultraviolet spectrophotometric procedure for 
the speciflc identification and (Juantitatlve determination of micro quantities of bar
biturates. It Is based on the observation that barbiturates have characteristic absorp
tion bands in strong alkali and different characteristic absorption bands at a pH of 
approximately 10.5. A barbiturate Is Indicated only when a maximum k)Osltlve differ
ence appears at 260 mu. which decreases to a negative difference at about 250 mu. 
A quantitative estimation can be made from the difference at 260 mu. The varlatloas 
In the optlca.l density differences at 260 mu. due to normal absorbing substances wlll 
produce less than a 5% error. As the barbiturate concentration decreases the error 
will Increase. As Uttle as 1. 0 microgram of barbiturate!: can be detected per mUll
liter of blood and 3. 3 mien-grams p~r gram of tissUe. 

ApParatus: 

Beclanan DU quartz photoelectric spectrophotometer, ODe centimeter quartz 
cuvettes, Waring blendor, pH metet. 

1. Borate Buffe,!. Dissolve 12. 369 grams of boric actd and 1<&.911 ~ram• ol 
potassium chloride In water and dilute to 200 mtllUlters to prepare a 1 molar eolutloa 
of these salts. Filter off any undissolved salts after standing at room temperature 
for 24 hours. 

2. SodiW!! hydroxide solutions. 

a . Prepare an approximately 0.45 normal sodium hydroxide solution. Tie 
normality Is adjusted with a pH meter until a pH of 10.6 ls obtabled when two parts 
of alkali are added to one part borate buffer. 

b. Prepare an approximately 0. 90 nonaal sodium ltyclroxlde eoktiDB fro. 
saturated sodium hydroxide. The normality Ja adjusted with a · pH !Dder 1111111 a pll 
of 10. 5 is obtained when two parts of alkali are added to tWo parts borate buffer. 

3. Solvents. Wash reagent grade chloroform successively with 1 normal sodi
um hydroxide ~d twice with water. For each Uter of solvent, use 100 mtllllltere 
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of wnsh solution. Wnah on\Y the volume required for dnlly use. On standing chloro
form tends to decompose. 

4. St.'lndnrd soluti~~· Prepare n otnndnrd solution of phenobarbital which con
tnins 20 mlcrogrnms per milllliter . 

5. E!!oaphate buffe!:_. Prepare R 0. 1 molar phoophate buffer with a pH of 'l. 4. 
Mix 39. 50 ml. 0.1 N NnOH with 50 ml. 0. 1 M. K112Po4 and dilute to 100 ml. in a 
volumetric flask. 

A. BLOOD or PLASMA 

1. Oxalated blood or plasma is adjusted to pH 4 to 6 with 0. 1 N HCl and ex
tracted with chloroform in a separatory funnel. Use 50 ml. chloroform for samples 
of 1 to 5 ml. Use 75 ml. chloroform for aamples of 5 to 10 ml. 

2. Prepare a standard control us~ the same volume of specimen plus one ml. 
of the phenobarbital standard solution. 

3. Filter the chloroform extract through No. 41 Whatman filter paper. A clear 
aliquot of 40 to 60 ml. is obtained. 

4. Extract the filtrate with 4 ml. 0. 46 N Na.OH using a dry separatory funnel. 

5. Discard the chloroform layer and collect the alKali layer in a small tube. 

6. Centrifuge the alkali extract and transfer 3 ml. of clear solution to a 1 em. 
quartz cuvette. 

7. Take optical density readings at 230, 240, 250 , 260, 210, 280, and 305 mu 
against a blank of the alkaU. 

8. Take ·2 ml. of the albline extract from the euvet anrl mix with 1 ml. of borate 
buffer. The final pU should be between 10.2 and 10. 6. 

9. Transfer the buffered extract to a cuvette and tak~ optical density readlogs 
at the wave lengths indicated ln (1) above. The blank ls prepared by mlxlng 2 ml. 
of alkali and 1 ml. of borate buffer. 

10. These last optical densities are corrc~ted for d!lutlon with the buffer by 
multipl)'lng by 1. 6 and then subtracted from the optical density of the a1kallne extract. 
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B. URINE 

1. Take 1 to 5 ml. of urine with the pH adjusted to between 4 and 6 with 0.1 N 
HCl and extract with 50 ml. of chloroform. -

Z. To remove interfering substances, shake the cbk>roform extract with IS ml. 
1 M phosphate buffer of pH 7. 4 using a clean separatory funnel. 

3. Filter the· chloroform layer through a Whatman fU filter paper •. 

4. Take the filtrate and proceed as under BLOOD. 

C. TJBSUE 

Tissues are prepared for extraction by homogenizing with a minlmum amount of 
distllled water in an all-glass Waring type blen<Jor. Chloroform is the solvent of 
choice for all tissues except brain, where ether or ethylene dichloride can be used, 
A weighed sample of tissue may be homogenized and made up to a specified volume, 
using an aliquot for analyses; or a small sample may be homogenized and quanUta
tively transferred into a separatory funnel containing the solvent. For the extraction 
of 5 ml. of homogenate, containing 1 or Z gram sample, 75 ml. of solvent are used. 
The analysis is continued as described for blood except that the aliquot of clear fU
tered solvent is extracted with approximately 0. 9 N sodium hydroxide. The normal
ity of the alkali is increased to eliminate the turbidity that sometimes occurs with 
weaker alkali. The adjustment of pH is made by adding an equal volume of boric 
acid-potassium chloride buffer to yield a pH between 10. 5 and 10. z. The optical den
sities of the buffer solution are multiplied bv Z. to correct for dilution with the 
buffer, then nubtracted from those of the strong alkali. 

Calculations: 

Micrograms of barbiturate per ml. or gm. = : : · ~ 

a. Micrograms of barbiturate added to lmoWJl standard eample. 

b. Optical density difference of unknown extract ill a1kaU ad .In pH 10.1 
at 260 mu. 

c. Amount of sample. 

d~ Optical density difference of standard extract .In albJ.t ad pB 10 .I at 
260 mu. minus (b) above. 
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~XAMPLE: 

Qptica_!_Dens!!.f. Reading! 

Standard Control 

Wave pH 10.5 
length Alkallne buffer x1.5 

230 • 670 .392 .588 
240 .470 .428 ,65Z 
250 .470 ,307 .465 
260 .465 .184 .276 
270 .380 .170 .255 
280 .305 .171 .257 
290 .250 .163 .230 
306 .130 .08:1! .123 

a 20 micrograms 

b .107 

c 5 mi. blood 

d • 189 - • 107 = • 082 

Unknown 

Oil fer-
ence Alkaline 10.6 X 1.6 

.082 .800 .498 .748 
-.082 .600 .490 .735 

.005 .540 .361 .642 

. 189 .495 .259 .388 
.125 .412 .247 .370 
.048 .350 .243 .366 
.020 • 293 .210 .315 
.007 .160 .110 .185 

...;:;' 2;.;;0.....:::ug:a....w...:X:=...z..:o1:;;::0~7- 8 J. 22 ug/JDl, 
6 ml. x .082 

Df.ffer 
enc:e 

-.052 
-.135 
--002 

.107 

.042 
-.015 
... 022 
-.005 

1. The optical density at 305 mu ts an indication of the amoUDt of absorbing 
substances other than barbiturates. The differences at thta wa-.lellglh abould be 
inalgnlflcant. 

2. The sample used for analysis should be such that the alkaliDe elltract ahould 
contain about 25 micrograms of barbiturate per ml • 

.,, Salicylates do not Interfere. 

4. Dtcoumarol, dllanttn, and sulfadtazlne appear in the alkaline extract but do 
not interfere because they have the same absorption in alkali and in pH 10.5 solutloa. 

6. The sodium eydroxtde solutions can be stored in pol,yethylene bottles without 
decomposition. 
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lnterpretat ton: 

Mter a therapeutic dose of a barbiturate the blood level may be 1 to 10 micro
grams per ml. The corresponding tissue level Is higher. The toxic level rauges 
from 15 to 100 micrograms per ml. The eUecUve dose of barbiturates varies 
greatly with the particular compound used, as does also the effective concentraUoa 
In tissues. Since the toxic level of one barbiturate may be a safe level for another, 
It Is Important to be able to Identify the particular barbiturate In question. A .-per 
chromatographic method of Identification Ia given In this DUlllual p. 292. 
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PAPEll CHUQMATOGllAPHY FOR THE IDENTIFICATION OF 

THE COMMON BAUBITURATES IN BLOOD, URINE, ANI) TIBSUE 

Reference: 

Algeri, E. J., and Walker, J. T.: Am. J. Clln. Path., 22, 37-40 (1952). 

Principle: 

A paper chromatographic method is used for the specific identlflcatlon: ol tbe 
common barbiturates. This teclmic is used in conjunction with the spectropbotometrlc 
procedure previously outlined. For a given solvent and temperature, a substaace baa 
a characteriatic ftt value; its determination serves as a means of identlflcatlon. 

ApParatus: 

1. Museum jars approximately 18 inches high and 8 inches wide equipped wUh 
rubber gasket, lld, and screw clamp. Stopcock grease may be used as an air aeal. 

2. Ultra-violet lamp. 
3. Wbatman No. 1 filter paper 17 j; 14 Inches. 

Reagents: 

1. Solvent- n-Butyl alcohol Is saturated with 5 Normal ammonium hydroxide 
by shaking 1n a separatory Immel and allowing the two phases to aeparate. The 
aqueoua portion Is then drawn oH Into a small beaker anctplaced in the bottom of 
the tank, separate from the surroundlng saturated mobile organic phase. Thfa 
solution should be freshly prepared. 

2. Color developer 
a. Sllver acetate - A t. 1 per cent aqueous sUver acetate solution Ia prepared. 
1». s-Diphenyl carbazone - A 0. 1 per cent s-dlpbenyl carbazaae solutlon · 1n 

absolute alcohol. 
3. Stand~trds- Standard barbiturate solutions are made up in acldlfled water 

(1:500 urro4) to contain 1.0 milligrams per mUllllter. 

Procedure: 

1. The combined alkaline extract,& coiJtalnlng a barbiturate (from the qwmUta
Uve procedure, p. 288) is acidified with dilute hydrochloric acid and extracted a1 
least twice with ether. 

2. The ether extract Is reduced in volume by evaporaUon. 
3. ApproxlmateJ.y 0. 01 ml. of the extract Is applied to the filter paper cyllDder 

at a base line 3 em. from the bottom. 
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4 . Al•t•ly 0.01 mi. (10 mh:rov,r:unu) of the known l,;•rhllur.d•: Hlandardtt :d 3 em. 
h•h· r·v:a lu lu tlu: It:' I"~ r. 

li. lloll Uu1 1,.'1"~ r cyllndrlc::tlly :tnd ul:•r•h~ uu Ua:tllhc: mit(cu tJfJ not touch. 
0. ll:•n•: liM~ l"'l"lr c~yllndc~r In liM: l.:uak c:ont:tlnlnv, Uac Holvcnt for one: hour. 
1. l.owc, t· IIH: a-=•1•11r c:yllnck:r Into lh" uulv«:nl. 
"· t•hu:c: u .. ~ uyulem In :t d:trk c:tblnc:lnl CUhHianl. l•:mpcraturc for 4 houru. The 

nulvnnt fnml HhrnJid inuve ut lc::tHt 120 rnrn. 
D. Ur:y lim c:hrc;m:tlut:r:tm r:tttldly :mel uniformly Jn air to mlnlml~c lhc spreading 

uf IIMl Hftctlfl. "I'IH' Hlllf)lc~H Jtn: r«!tnUY«:d, 
10. 1.01:11h~ tho HJ•olH hy a•l:u:lng :t tH:ndl dol In liM! center of the dcnuc area, whUc 

uhtM~rvlnK und.·r ultr:t-"VIolc:t light. 
ll. The: HIH:c:lltt dlt'fted In l pc.:r cc:nt Hilvc:r acel:ttc uolullon for· one-half minute, 

wuuiK·d four mluulcH In runnlnK water, :and lm~;ncrtted dlreeUy tn 0.1 per cent a-dtph ... 
c:nyl c·:trb:u:c.tnc' In Dfi JM:r C«~nl et~l :tlcuhul for one mlnulo, 1'bc spol8 appear deep 
lu·uwn In c:ulur =-•::tlnHl n light tllnk b:tckgnJUnd. 

12. U.:lc:rmlnc: llu: ltf valued (ur c:tch HJHtl, 

C:•kulallonH: - .. -- --

ur = ~-·"~;~~c:c_ __ l!_l~_y._:~ ~Y. -~J!JLt: 
Dbtl:tm.'C: moved by solvent 

Dlal:tncc I' • ::: f 
-'~'~!.~l!J!"~l~c:_ ____ o_~-~~t~!c_:_ --~---of HOlvenl ---------

DJHl:tnce 

:it~c:on:tl Jl2 mm. 
IJ:•rhltal 16 
Unkoown 83 
t•IM~nol.:t rbl ta I 83 
Amylal 100 
Nc·mhutal 100 

132 mm. 
131 
131 
130 
131 
131.6 

.886 

.696 

.634 ----.039 

.833 
,168 

TIM: n v:tluc~ of Ute unknown after four houra running Umc coincides wlth lla:~t of 

ttiM•noh art,h:tl. 

Nult~tl: 

I. 1\~ulolla:tl Ia rcve:tled under ullr.t- vlolelllgtat wllhout being developed. 
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SIMPLE BLOOD TESTS AVAD..ABLE TO THE GENERAL PRACTrriONER 

Reference: 

Mandel, E. E., M.D., Lehmann, E. B., M.D., Parle, D. A., M.D., U.S. 
Publlc: Health Service. Coo;ununic:able Disease Ceeter, Federal Security Agency. 
March 1950. 

Blood Tests: 

Sedimentation Rate 
·l~terus Index 
"H" Flocculation 
Creatinine 
Glucose 

Reagents: 

Potassium ammonium oxalate solution: 
Ammonium oxalate 1. 2 g. , potapsium oxalate 0. 8 g. , distilled water, dilute up 
to 100.00 cc. Use 2 drops (dried) for each ml. of blood. 

Saturated solution of picric: acid prepared at 2'* 0 c. 
10$ sodium }Urdroxlde. 
Distilled water. 
Hayem' s solution - Mercury bichloride 0. 25 gm. , sodium 8Ul.fate a. 60 gm. , sOdium 

chloride 1. 00 gm. , dlstllled water, dilute up to 100.0 cc. 

Apparatus: 

12 pyrex test tubes, without Up, 100 x 13 mm., graduated at 1, 2, 4, and & cc •• 
and several dozen Identical test tubes, hongraduatec:l. 

Test tubes of ldeDtical size contafnfng standard aolutiona of potuslluD dichromate, 
all stoppered and sealed with paraffin. 

Small funnels and fllter paper (Whatman No. 1). 
Medicine droppers. 
Beaker or small pot, stand and b\lllsen burner or eledrlc bot plate for water bath. 
3-slot comparator with ground-glua backgi'OUDd, approxtmatel¥ 3 x 3 1/2 x 1llu:h 

In dimension. 
Desk lamp with daylight bulb 
Set of Westergren sedimentation tubes. 

Principle: 

A knowledge of the pf\yslologtcal basis for the lmportaDee of theH teats wUl be u
aumed, and on),y the procedures will be described. Routine IUUllyaJa of the blood and 



urine ls an lnvalu:thlc adjunct to the clinical examination. Yet the equipment, Um~ an.d 
technical skill required for many t>l:mdard blood tet>ts make their performance In the 
average pracllllnner's office Impractical. In addition, a clinical laboratory may be too 
distant or Ita feet> too high for the patient to afford. The1·efore, It has seemed highly 
deslmble to find methods that arc 11so simple and mechanical 1n their operation that 
the posalbillty of large error Is excluded and so direct that the results are presented 
as pictures whose significance can be read at a r,lance. 11 If such tests could be per
formed by the doctor or his nurse with lUtle loss of time, the results would constitute 
a valuable supplement to the physical examination, helpful both in the ready detection 
of disease and In the follow-up of patients. 

A. Collection of Blood Samples: 'fhe five simple blood tests to be described, used 
either aingly or as a 11battery, 11 or in combination with cell count and other procedures, 
will provide quick and valuable diagnostic informaHon with a mlnim11m of equipment, 
expense and technical experience. They can be all carried out on a single sample of 
venous blood. Only about 7 cc. is required, this being divided into two parts. Five cc. 
is allowed to coagulate in one tube to provide serum for llayem 's teat and Icterus Index, 
and 2 cc. is 11dxed 1n another tube with the dried residue of four drops of oxalate solu
tion for the sedimentation rate, creatinine and glucose determination, and also for 
blood count if desired. 

B. Sedl~entatlon Rate: Using the Westergren tube as a pipette, oxalated blood is 
sucked up to the zero mark. At the end of one hour the height of the boundary between 
the packed r.ells below and the supernatant plasma above is read from the calibrations 
on the tube. A drop of the level of the cell column of n•ore than 10 mm. 1n men or more 
than 16 mm. in women in one hour is suggestive of disease. 

Erroneous resuits may be obtained if there is prolonged venous stasis on with
drawing blood, traces of water, alcohol, ether and other substances in syringe, needle 
or tube, or delay of over six hours 1n conducting the determination. Results wUl also 
be affected by exposing the specimen to temperatures considerably above or below av•·A'
age room temperature, and by racking the tulle in a position that is not exactly perpen
cilcular. 

C. Creatinine: The urine and blood levels of creatinine are essentially independ
ent of the amount of protein consumed and the time of food Intake. This is 1n contrast 
to urea, the blood concentration and urinary eHmination of which are greatly influenced 
by these physiologic factors. 

To 4 cc. of a saturated solution of picric acid add 1 cc. of oxalated blood, using 
syringe or medicine dropper. Shal{e and let stand 5 minutes. Filter into an identical 
test tube untfl the clear yellow flltrate reaches the 1 cc. mark. Add 1 drop NaOH. Shake. 
In 15 minutes compare with standard solutions. An increase of 3 mg. per cent or more 
can be det.ected readily without the ald of a c!omparator. 

D. Glur:o1:1c: Same solution ti1at has been used for the creatinine determination la 
immersed ·l;;t;;;Jung water for about 3 minutes. Distilled water ls added to the 5 ec. 
mark. Shake and rompare with the standard solutions. If color is more Intense than 
2400 mr,. per cent dlchromale standard, transfer 1 cc. to another tube and dilute with 
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1 cc. distilled water. After dllution the value obtained by color comparit;on must be 
doubled to obtain actual glucoHe level. Further dilution to the 4 cc. mark Js necessary 
lf blood sugar is above 400 mg. per cent. 

A coJncidental rise in creatlnine increases the intensity of the picrate glucose 
color reaction sufficiently to warrant ita consideration in blood specimens containing up 
to 200 mg. per cent of glucose. For every mUligram per cent of creatinine found in ex
cess of the average normal of 1 mg. per cent, 2 mg. per cent of glucose should be de
ducted from the final glucose value. ThJs may well be ignored, however, for the sake 
of convenience and in such undertakings as screening for diabetes since the coincidence 
of azotemia and diabetes is infrequent and the error would be on the plus side: it would 
tend to add an occasional uremic individual to the hyperglycemic group but would not 
cause any diabetics to be missed. 

The visual tests for creatinine and glucose have been xound userul as ready 
checks on doubtful results of the precision methods. They are suitable for front-line 
practice In the absence of routine laboratory facUlties and they afford information that 
Is adequate for tnaJzy clinical purposes. 

E. Icterus Index: The icterus index may be determined by direct comparison of 
the color of either plasma (oxalated blood) or serum (coagulated blood) with the tubes 
containing standard solutions of potassium dichromate. Intensity of the yellow color of 
the sample ln excess of a 70 mg. per cent dichromate solution is an abnormal finding. 
The test is of value in detecting abnormal amounts of blood billrubin even in the absence 
of clinically apparent jaundice, without differentiating between the various types of 
jaundice. 

F. Hayem 'a "H" Test: The finding of serum protein alterations is indicative of 
organic disease. The various flocculation tests in general use constitute, in essence, 
practical qualitative substitutes for the exact measurement of the various serum pro
tein components by ,chemical, electrophoretic and other means. While used largely as 
"liver function tests", they may be employed advantageously in other diseases, espe
cially those of infectious or neoplastic origin. Positive reactions usually are taken to 
reflect hypoalbuminemia and/or an increase in one or more globulins. 

The flocculation test with Hayem's solution is one of the simplest and quickest 
ln this category. As a nonspecUic screening test It was found to be more sensitive than 
the Takata·-Ara, cephalin-cholesterol flocculation, and fo~ol-gel reactions, and about 
equal to the thymol turbidity test; lt was not positive as often as the sedJxnentation rate 
and the zinc sulfate turbidity method. In testing for primary hepatic disease, the "H" 
reaction was surpassed In sensitivity only by the sedimentation rate, thymol and zinc 
sulfate turbidity teats. It was posltlve in all examined cases of severe or prolonged 
hepatitis of hepatic cirrhosis, and of active rheumatoid or infectious arthritis; further
more It was poslUvo In 61 per cent of-acute<-'infecttons, -47 per cent of chronic lung dis
orders and 59 per cent of cancer. 

A positive "H" flocculation Implies systemic disease (metabolic, infectious or 
neoplastic) usually of a more serious and/or advanced nature than that indicated by an 
increased sedimentation rate. It may be the first abnormal finding in such conditions as 
cirrhosis, syphilis, pyonephrosis, tuberculosis or metastatic neoplasm. The test has 
been found helpful in such problems of differential diagnosis as obstructive vs. hepatic 
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Jaw.ltllct!, tumor 01 the right kh.lney VB, hcp:•tomc,:aly, f!plutaxiH due to Jocallcalon vs .. 
chronic hcpatk dlacasc, chdccyHtopalhy VH , neopla.ullc lh•er Involvement, "rheurna
tlBm" vs. rhcuma!.old arUarEIB, congeHllve VB, fnfccllouH pleural c~ffusion, nutritional 
vs, leukemic anemia. In eada of these cas•.!S a poFlUve re1cllon favors a hcpallc, tn
fecltoua or neoplastic cause of the condition. 

The Jfayem test may serve as a pn·gnostl'! adjunt·t to the sedimentation rate 
and as a practical substitute for more elabo)rate U>sts 1n the screen.lng for, and man
agement of, diseases affecting the reticula -endoth•Jllal syutem. 

Procedure: Equal volumes of serum (fro:n Ct'agl.lated tube) and Hayem's 
solution -usually 1 cc. of each -are mixed. Dev«:lopmen·; of a precipitate within 1 to 
24 hours Is considered a poHitlve reaction (graded as 1, 2 or 31). An immediate pre
diction of the eventual outcome can usually be ma.de by overlaylng the serum with 1 
drop of ltayem'a solution. A faint transient clouding may occur Jn normal serum, but 
a well discernible "reversible flocculation" is abn•>rmal. 

BLOOD VALUES CORRESPONDING TO EACH OF THE STANDARD SOLUTIONS 

Potassium 
Dichromate • 05 . OT • 10 • 16 • 25 • 30 • 50 • '10 • 90 1. 0 1. 2 1. 6 1. 8 z. 4 3. 0 

' Glucose 
mg.% 

Creatl..l'llne 
mg.% 

Icterus 
Index 
units 

5 ., 

50 '18 80 112 130 146 160 160 1'16 186 200 216 

0.8 1.6. 2.0 3.2 4.2 6.0 &.4 8.0 '1.1 8.0 8.8 14 

10 16 .25 30 50 '10 80 100 120 150 180 240 300 
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HOUTINJ·; CIIEMICAL ANALYSIS 01-' UHINAHY CALCULI 

Hcfe r<'nt' C: 

Wmcr, J. II., Mattice, M. H.: Houtine Analysis of Urlnar.v Calculi. A simple 
rilpid method Ul!lng upot tests. ,J, Lab. & Clin. Mcd. 28, 898-904 (1942). 

After preparing a physical description of the calculus as to weight, ~ize, sha.pt;, 
color, surface appearance, and consistency, the calculus is finely pulverized tn a 
mntar for chemical analysis. This analysis is performed using a series of black 
and white spot plates, and the characteristic groups tested for by m~a~s of simple 
spot tests. 

1 12-hole white spot plate 
2 3-hole black spot plate 

1. Sodium_Q~rb_Q~~te: Dissolve 20 grams of the antwdrous salt 1n 80 ml. water. 
2. Uric Aci<!Jlea_g_cnt: Dissolve 10 grams pure sodium tungstate (Na2W04) 

in about 60 ml. water; add 5 grams pure arsenic pentoxide, 2. 5 ml. of 85% 
phosphoric acid, and 2 ml. concentrated HCl. Boil mixture 20 minutes, cool, 
and dilute to 100 cc. with water. Filter 1f solution is cloudy. 

3. Ammonium Molybdate: Dissolve 3. 5 grams of the salt (NH~6Mo7o24' 4Hz0 1n 
74 ml. water, add 25 ml. concentrated nitric acid, and shake until dissolved. 

4. Ammonium Hydro'!ide: Concentrated, Reagent grade. 
5. ~odl~_fEnid~: Dissolve 5 grams In 100 ml. water, and add 0.2 ml. amm·l

ntum twdroxldc as a preservative. Store solution 1n refrigerator. 
6. Sodiu~_Bltr~russide: Dissolve 5 grams 1n 100 ml. of water. Discard when 

color fades. 
7. Nitric Acid: Concentrated, Reagent grade. 
8. Ammonium Sulfocyanate: Dissolve 3 grams of the salt (NH4SCN) in 100 ml. water. 
9. Hydrochloric Acid: Add 10 ml. of concentrated HCl to 90 ml. of water. 

10. Sodi~_Q~late: Saturate 100 ml. of water with the salt by adding 5 gramg a 
and allowing to settle. 

11. Sod!um l~lroxlde: Dissolve 20 grams of the Reagent grade pellets hi 80 mt. 
of water. 

12. Titan Yellow D.r~: (also called "Clayton Yellow"). Dissolve 0.1 grams of c:tYe 
In 100 ml. water. M.'lkc the solution alkaline with 3 drops of 20% sodium hy
droxide (sec No. 11). Slor.,. In<> .. amber bottle. Prepare fresh every 30 days. 
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1!l. ~csslcr~s-Hc3~~nt: Dissolve 22.6 grams of iodine in 20 ml. of water contain
Ing 30 grams or p:>t."lsttlum Iodide. Add 30 grams of pure metallic mercury. 
Shake th~ mixture well. cooling frequently under tap water until yellow color 
due to Iodine disappears. Decant the supernatant aqueous solution. Test a 
portion of It by adding a few drops of the reagent to 1 ml. of 1% soluble starch 
solution. Test should be positive (a purple to black color). Dilute with water 
to about 200 ml., mix well. and add to 976 ml. of 10% sodium hydroxide. Mix 
well and allow to clear by stand.lng. 

14. l!fan~e_se Dioxide: pawdered. Reagent grade. 
15. Barium C_hlor!~C!: Dissolve 6 grams of the salt in 100 ml. of water. 
16. ~odiu~Nitrite: A fresh solution, 0.1 grams of the salt per 100 ml. of water, 

should be prepared weekly. 
1'1. _!!eagent "8'~ Dilute 1 ml. of dimethyl-a-napbthylamtne (Eastman) in 250 ml. 

of 95% alcohol. 
18. QhlQ_!oform: pure. Reagent grade. 
19. ~~!ic An!\vdri~~: concentrated. Reagent grade. 
20. ~'!!!"uric Acid: concentrated, Reagent grade. 

Procedure: ----
1. Weigh the stone on the analytical balance to the nearest one-tenth mllligram. 

If stone has been freshly taken or has been in preservative, allow to dry at 
room temperature for at least 24 hours before begtnntng this procedure. 

~. Next, examine the ston~ In a gooclltght. With illt aid ol a band lens note the 
eolor, shape, and surface appeanmce, (Bee aotea 1-2). 

3. Using a metric ruler, measure the atone'~ Jenglh• wtdlll, 8Dd lhtcbeaa to 
the nearest millimeter. 

4. In a small clean mortar pulverize about 60 mg. of the stoae, aotmclta 
consistency. (See note 3). 

6. Refer to Table 1 and first complete this routine spot test battery. Perform 
all spot tests on a white spot plate unless otherwise indicated in the table. 

(Starred (•) tests are to be performed on black spot plate ). Note all 
posiUve reactions. 

6. If no positives have ~en fou11d tn Table 1, or if one of tha rarer calculi is 
suspected, next refer to the "Table of Special Tests," Table 2 for a more 
complete analysts. 
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TABLE NO. 1 - HOUTll'TE TESTS ON UHINAltY CALCULI 

Chcmlcnl Group 

1. URATES 

2. PHOSPHATE 

3. IRON 

4. CYSTINE 

ltcaucntu Added 

Pulvcrlzcd ntone 
1 drop Na2co3 
2 drops uric acid Reag. 

Pulverized stone 
6 drops wnmonium 

molybdate 

Palverizcd atone 
3 drops nltric acid 
3 drops ammonium 

thiocyanate 

Pulverized stone 
1 drop NH40H 
1 drop oodium cyanide 
Wait 5 tntnutes 
2 drops sodium nf.tro-

prusside 

Hcnults 

Prompt deep blue color 
(pale blue io negative) 

Bright yellow precipi
tate is pooitive 
(allow 6 mlnutev) 

Red color is positive 
for iron 

Beet-red color is 
positive for cystine. 
(May fade to red-orange) 

Diesolve 26 mg. or the remaining pulverized atone in 2 ml. of 10% h,ydrochloric: 
add 1D. .. amall test tube. SUr for 2 mJnutea. 

6. CARBONATE 

8. CALCIUM• 

'1. MAGNESIUM 

8. AMMONIA 

8. SULFATE* 

-10. OXALATE 

Observe the HCl solution 
of calculus for bubblea. 

3 drops acid extract 
4 drops sodium oxalate 
3 drops NH40H 

3 drops acid extract 
3 drops sodium hydroxide 
1 drop Titan Yellow Dye 

S drops a.c id extract 
3 drops sodium hydroxide 
4 drops Neasler'a Reagent 

3 drops acid extract 
4 drops barium chloride 

To the rema.tnlng a.cid ex
tract tn tht test tuba add 
a. pinch of manganese dt
oxido. 
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Effervescence is posi
tive for carbonate. 

White prectplt.."\te Ia 
posiUve for calcium. 

Blood red precipitate f• 
positive (any other color 
is negative) 

Yellow-on:ozc precipi
tate is poo1t1ve for 
ammonium 

White precipitate Is po•l
tlve for nlfate 

T~ bubbles of gu "ex
plosively released" Ia 
poaitive for oxalate. 



TABLE NO. 2- SPIWIAI TESTS FOH HAIU:;It UJUNAIU: CALCULI 

Chemical Group 

1. XANTHINE 

2. INDIGO 

3. CHOLESTEROL 

4. SULFONAMIDE 

l<cagcntB Added 

Pulvcrl7-ed stone 
Diaaolv(> in nitric acid 
Dry in evaporating dish 

on water bath 
Add 3 dropR ammonium 

hydroxide 

Pulverized stone 
5 drops chloroform 

Pulverized atone 
5 drops chloroform 
10 drops acetic anhydride 
1 drops sulfuric acid 

Pulverized stone 
2 drops HCl 
2 drops sodium nitrite 
3 drops ammonium sulfa

mate 
3 drops Reagent "S" 

Uesults 

Yellow residue which 
turns orange when the 
ammonia is added is a 
positive test 

Blue color is positive 
for Indigo 

Play of color ending in 
green is positlve for 
cholesterol 

Red color is positive 
for sulfonamides 

'1. Mter completing the spot test analysis, repart all of the physical and chemi
cal findings in the following manner. 

NAME John Doe WARD 126 DATE 12/10/57 

Source of Calculi: Renal 

Weight 67. 5 ~,'Lc_'---

Size 5 x 4 x 3 mm. -....;... __ 
Shape round 

Color red-brown ---
Surface Appearance roughene;...;d __ 

Consistency hard-'-brittle 

Chemical Analysis _Ca'--Mg, CO_a..zS-2-<4-

Category of Stone OXALATE-CARBONATE TYPE 
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NOTES: 

1. The oh.'lpe, weight, and size of a p~trllcular calculus Is quite Independent of 
the type of stone. In reporting shape the calculug !a dc~cclbcd :l.s being either 
oval, round, flat, cubic, py ramldal, or irregular. 

2. The color, surface appearance, and consistency of the calculus are closely 
related to the type of stone. Listed In Table 3 arc the moat com.mr>n charac
teristics of various types of calculus. A study of the ph.yslcal characteristics 
ls often helpful ln confirming a doubtful positive chemical test. 

TABLE NO. 3- PHYSlCAL CHARACTERISTICS OF CALCULI 

Type of Calculus Color Surface Appearance Consistency 

Urate yellow to dark red- slightly rough quite hard 
brown 

Phosphate whtte, gray, to smooth, sanczy c balky, brittle 
yellow-gray 

_gysUne pale yellow ·waxlike soft 

Carbonate dull white to red- chalk.f usually quite hard 
brown 

Oxalate white, grey, or tuberculated.or very hard 
red-brown to quite rough 
black 

Xanthine brown smooth, wax-llke soft 

3. In about 40% of the stones submitted for analysts, the quantity is not suffi
cient to provide 60 mg. of material for analysts. Therefore it Is best to 
test for the presence ln these cases of calcium, phosphate, and oxalate first, 
before proceeding with the other tests. Stones weighing less than 6 mg. are 
almost Impossible to analyze correctly by this m~thod. 
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TABLE NO.4- FREQUEriCY OF OCCUUENCE OF TUE VAlliOUS 

CIIEMICAL CONSTITUENTS IN CALCULI• 

Chemlcnl .Group %Occurrence 

Calcium 97% 
Phoophate 88% 
0.-talate 65% 
Urate 15% 
Carbonate 12% 
Magneslum 25% 
Ammonium 20% 
Cyatlne 21! 
Iron Rare 
Sulfate Rare 
Xanthine 0.5% 
Cholesterol Rare 
lndlgo Rare 
Sulfonamide& Rare 

•Based upon a study of calcuU analyzed by this laboratory through the 
year of 1956. 
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CJIOJCJ-; OF LABOHATOHY TESTS 

Reference: Perrin II. Long, M.D., Modern Medicine, November 1, 1954. 

Excessive rcltance on laboratory tests is expensive for the patient and, by over
loading the technician with work, impairs accuracy ln the laboratory. Physical exam
ln."ltion and determination of previous disease of the patient often obv(ates the need for 
many laboratory procedures. 

Hemoglobin, leukocyte count, and differential count from a stained smear should be 
detennlned at the initial examination of a patient. The sedimentation rate is measured, 
and the feces are tested for occult blood with guaiac. Sickle-cell preparations are made 
for new Negro patients. Urinalysis should inc ludc specific gravity, albumin, sugar, and 
acetone measurements and microscopic examination of the sediment. 

Serologic reactions for syphilis are often done at the first examination. Spinal fluid 
of patients with syphllts Is studied at least once. 

Blood urea nitrogen or nonprotein nitrogen is measured in a patient with albumin
uria, progressive hypertension, changes in the retinal arterioles, or an enlarged pros
tate. The fasting blood sugar is determined for patients with glycosuria or suspected 
hypoglycemia and as an aid In the management of diabetes. 

Knowledge of serum electrolyte concentrations is valuable with dehydration, vomit
ing, and diarrhea. The carbon-dioxide combining power of the blood and serum levels 
of chlorides are helpful In treatment of diabetic acidosis, pulmonary Insufficiency, and 
severe renal disease. Sodium concentration is measured when Addison's disease Is 
suspected and during therapy by salt restriction and diuretics. Potassium levels should 
be determined when parenteral fluids are injected or when gastr~c suction is continuous, 
and for certain types of renal insufficiency. 

In the diflerenUal diagnosis of jaundice, the SCT\lm blUrubln Is more valuable than 
the icterus index, and the alkaline phosphatase level provides additional help. The thy
mol turbidity Is more useful than the cephalin flocculation in assessing hepatocellular 
damage. Dromsulphalein retention Is accurate when the patient ls not jaundiced. 

Total proteins are measured In the study of malnutrition, anemia, ascites, and 
edema. Determination of the albumin and globulin should be deferred until the total 
proteins are known, unless multiple myeloma is suspected. 

Use of laboratory procedures should be Umlted to those specifically indicated. -- - ---
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CLINICAL INTERPHETA TION 

Determination Normal Range Dlacueaion of varia.Uona in Dlaease States 

Amylase (serum) 60-200 untts/100 ml. Increnacd valueo ~re seen in diseases in-
volvinG' organa secreting amylase. For ex
ample; acute and ~hronlc paucreatltis; 
secondary pancreatitis; and mumps. 

Basal Metabolic Rate -10 to ,118% of BMR is elevated in: 

Bilirubin (sel'UD$ 

Bromide (serum) 

average normal 1. High calorie diet; 2. Fever; 3. Hyper
thyroidism; 4. Other endocrine disorders. 
The BMR is decreased in the opposite con
ditions. In addition, apprehension or 
nervousness can elevate the results 20-
30% above the true value in the absence of 
disease. 

1 'B below 0. 3& mg. I 
TB below 1. 60 mg. 'I 

Less than 3 mg. I 
(noa-specUlc color) 

Hemolytic. Jaundice - Total billrubin Is in
creased but the fraction reacting promptly 
(1 ' B) is not. 
Obstructive and Hepato-cellular Jaundice 
Both fractions arc Increased. 

Increased 1n ·Bromide Intoxication, cllnlcal 
signs of which are usually evident at serum 
levels of 100-200 mg.%. 

Bromsulfaleln Test Below 10'1 at 30 mJD.. This test is moat useful in liver disease 
without jaundice. In advanced cirrhosis 
GO% may be retained after 45 minutes. 
This Is one 9f the moat useful liver func
tion tests. 

Calcium (serum) 

Be low 't«J, at •s mln. 
0-1!, at GO mln. 

Clearance 
5. aato. 75 ml. /min./kg. 

9 to 11.6 mg. I Serum calcium may be altered 1n the fol
lowing ways: Deficient absorption (Vita
min D deficiency) usually results 1n a low 
normal serum calcium. Diacaocs of the 
parathyroid gland may cause inoreases 
up to 20 mg. % iin parathyroid exceBBj 
decreases (below 6 mg. %)~n deficit. 
Serutn calcium also varies inversely 
with serum phosphate (for example 
ln terminal uremia). With phospha.te 
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Determination !formal ft!!1e 

Calcium (coat.) 

Cale11111l (arllle) Moderate 
"81albwlteh teet" 

Dlacuaalon of Variations In Dlaeaae Btatea 

retention, calcium will fall). Chanps In 
plasma proteins will cause changt v .!.t, ttital 
serum calcium since part of the calcium 
Ia "bound" to the protein. 

Urine results reflect (loatzed) serum cal
cium. No precipitate meana a total. aenm 
calcium lees than 8. 6 mg.!,. A fine eload 
means serum calcium Is normal. A 
heavy cloud meus a total Berum calciUIIl 
of more than 12. 6 mg.!,. 

Cephalta Ploeculatloll - ... "Th.Jmol Turbldl*ir" 

Chloride (•~ 

Cholesterol 
Cholesterol 

&liter• 

Conp Red TeBt 

CreatJae (urme) 

CreatiDIDe 
(serum) 
(uriDe) 

A• lfaCl 111-tJO 
.... fl 

A• ct- M0-8'11 ... , 
81-101 m&q. /1. 

111-UO Jill.~ 

IO-fl~e8ten 

llore tbaa 101 
reteatlca 

0-100 ..-../M hr. 

•• f-1.4 JDC.~ 
1-21./14 hr. 

For Yarlatlou In disease eee Acld-Baee 
BqullJbrlum (Appendl.x). Serum el-ls 
lowered during excessive loss of cl- u 
bl diarrhea and vomJtJng and bl eome bl
fectlous diseases such as menlngiUs aDd 
pneumonia. Increases are rare and poorl_y 
understood. 

IDcreasea In nephrosis (800-700 IDif·.., 
diabetes mellltus, obstructive jaundice, 
b.Jpothyroldlsm (600-700 mg. I). Daereu
•• are seen In ~rthyroldlsm (80-100 
mg. Cf,) and some other lnfectloaa, wuUDc 
dlaieases and anemias. In liver dlse&H8, 
the I due to cholesterol este~ decreue• 
(down to 101). 

Thla Is a teat for "llmiflold dlaease". Da
poalts of "llmiflold" In tissue absorb coap 
red. In amyloid disease less tban 40!, of 
the dye will remain In the. plasma. Ill ex
trelile cases as little as lOft ~ remain. 

Urine creatine Increases ln nuclear disor
ders of muscle, starvaUon, Ievere, etc., 
especially ln muscular d;ystrop~. 

Serum creat.fulne increases ln renal di
sease, but later than does urea, and more 
than 6 mg. f, ln a c bronte nephritis 
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Determination 

Creatlnlne (cont.) 
(serum) (urine) 

Fibrinogen 

Glucose 
(bloo~ 

Glucose tolerance 

Icteric Index 

Normal Range 

0.113-G.380 mg.% 

80-120 mg. I 
80-80 mg. I 

4-8 UDlta 

Discussion of Variations 1n Dlscaae States 

Indicates a poor prognosis. CreatlnJne 
clearances are becom~ lncreaslngly 
used·for renal function studies. 

Fibrinogenopenia (decreased fibrinogen) 
may be congenital or acquired, by_!! vitro 
clotting or by severe hepatic d,ysfunctlon. 
Increases are seen in most infectious di
seases except typ)lold fever. 

Total reducing substances. 
True glucose. Increases are seen india
betes mellituS up to 600-1000 mg.%. De
creases ln ln~uUn shock to 20 mg.% or 
lower. 

See the Manual for Interpretation p. 184. 

'1-16 units may be measured ln latent (sub
cllnlcal) jaundice. Over 16 results ln ob
vious jaundice. Increases are seen in 
many types o( liver and gall bladder and 
bile duct disease a.s well as in· hemolytlc 
disorders. Carotenes (pro-vitamins A) 
mq contribUte to the color of the serum 
as well as the 'more usual bilirubin (see 
BU.mUBIN), 

Kepler-Power Water Test-See under this heading in Manual. p. - 85. 

Lead (urine) 

Sulkowltch Test 

Nitrogen 
Non-Protein 
(Blood NPN) 

Phosphate (serum) 

30-80 ug/24 hr. 

See CALClUK (urine) 

26-36 mg. I 

2. 6-t. 6 me. I 
(adult) 

4.0-6.0 mg.% 

In acute lead polson.lng up to 300 ug/dq. 
See PORPHYRINS (urine). 

Since NPN Is c;om.posed largely of urea, 
creatlnlne, and uric acid (along with amino 
acids) the same sort of interpretations 
arise. See under the8e listings. 

Increases: Chrolilc nephrltls up to 20 mg.% 
Hypoparathyroidism up to 7 mg. % 

Decreases: Hyperparathyroidism to 2 mg.% 
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Tlc>lenntnatlc•n Nonnal R1UJge 

Phosphate (serum) (cont.) 

Phosphatase (serum) 
(Bodansky units) 

Porphyrins (urine) 
Porphobilinogen 

Uro-porphyrJns 

Copro-porphyrlns 

1. 6-4.0 unlts/100 ml. 
(adults) 

Up to 12 unlts/ioo ml. 
(child) 

Negative 

Less than 10 ug/day 

60-260 ug/day 

Dlacunulon of Varl:\Uona ln Dlseaoe States 

Jnaulln Injection or glucose to1er:mcc te-st 
to below 3 mg.%. During treatment of dia
betic coma the value may fall to below 
1 mg.%. 
In general, serum phosphate and serum 
calcium levels rise and fall reciprocally. 

Increasea are seen during actual or attemp
ted bone regeneration. 
Rickets: up to more than 100 units 
Paget's Disease of Bone: up to 600 units 
H,yperparathyroldlam: 20-700 units 
In liver disease the phosphatase of serum 
may be ·ralaed because of failure of the 
normal excretion of this enzyme In-the bile. 

Found present In acut~ idiopathic porphyria 
along with uro-porphyrlns (absent Jn pure 
cutaneous types). 
Ordinary teats are Interpreted as normal
Jy negative. In the rare congenital porphy-
ria, large amounts (50-100 mg. /day) are 
excreted, mainly Type L 
Coproporphyrin I and m are normal]y pres
ent In urine. They are ~creased Jn llver 
disease (up to 1 mg. /day), heavy metal poi
soning (5-10 mg. /day). 

Porphyrin precureors are present to a variable extent. Porphobilinogen Is only one of 
several precursors, whose presence may be demonstrated by appropriate treatment 
(such as heat, light, or Lj of the urine or of urine extrcLcts. 

Sodium (serum) 
Potassium (serum) 

Protein (serum) 

134-144 mEq./1 
3. 6-5,3 mEq. /1 

Total 6. 6-7. 6 g.% 
Albumin 4. 0-6.6 g.% 
CUobuUn 1. 7-3. o g.% 
A/G ratio 1. 4-3. 0 

See "Add-Base" Equlllbrlum (Appendix). 
In general excessive loss of body fluids 
decreaaea serum Na, which Is also low In 
Addison's disease; an increase in serum K 
Is seen in Addison's disease; a decrease 
In treated diabetic coma, diarrhea and 
vomiting. 

Album.Jn: an Increase In albumin occurs 
only In dehydration and the rise is paral
leled by a rise In glob~; thus the A/G 
ratio Is constant. A decrease Jn albumJn 
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Dete rm lltation 

Protelo (cont.) 

Prothrombln Time 

Sallcyllc Acid 

Sulfonamide a 

Thiocyanate 

Thymol Turbidity 
zinc Turbidity 
Cephalin 

Flocculation 

Normal Range 

11-16 seconds 

0- 1 IDa·" 
(non-specific color) 

None 

None 

0-4 units 
2- 8 units 

0- 1 UDita 

ts seen in (a) loss of albumin In urine ; (h) 
decreased formation In the liver; (c) In
creased metabolism of protein; (d) protein 
starvation; (e) diversion of protein Ryn
thesls toward globulin. Globulln la In
creased In liver disease, multiple myP
loma, and In chronic infections. The al
bumin Is often rectprocally reduced, re
sulting 1n a A/0 ratio below 1 (a "re
versed" ratio). For fibrinogen, see above. 
For gamma globulin see zinc turbidity. 

For discussion of the clotting ~actors sec 
p. 324. A prolonged prothromlJln time 
(lowered percentage) is seen in liver 
disease, vitamin K deficiency , dicoumarol 
treatment ot poisoning. 

In the treatment of rheumatic disease, 
levels of 35 mg.% may be desired. This 
borders on the toxic level, so close lab
oratory contml may be required. 

The '.'therapeJ!Uc level" varies but usually 
Is between 10 and 15 mg. % but in intra
cerebral lnfe.ctlons oome workers have 
used levels of 30-40 mg. %. 

Thiocyanate m;ay be ueed for treatment of 
hypertension or for e.atlmation of "total" 
extracellular fluid volume. Toxic levels 
are reacb<ed at about 12 mg.% 1n serum. 

These three tests roughly parallel each 
other and depend on (a) increased r -glob
ulin; (b) decreased serum albumin; (c) qual
Itative changes in serum globulin, serum 
albumin, and phospholipids. Diseases in 
which these tests are usually positive are: 
Infectious. hepat.ltis, cirrhosis, Infectious 
diseases with antibody production (gamma
globulin) . 
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Determlnntlon 

Urea Nitrogen 
Urea Clearance 

Normal Range 

8-18 mg.$ 
16-126 C£ of average 

normal 
64 ml. /min. :aoCs 
T6 ml. /min • .em 

Dlscuaslon of Variations In Disease States 

Blood urea nitrogen (BUN) Is increased In: 
(a) pre-renal states, e.g .• dehydration 
with reduced plasma volume and thus de
creased glomerular filtration rate; (b) re
nal states, e . g., acute glomerulonephri
tis, mercurial poisoning, etc . ; (c) post
renal states, e. g . , obstructive lesion of 
ureter. 
Decreases In BUN may be seen In very 
severe hepatic !allure due to failure of the 
liver to deamlnate am.lno acids . 
Urea clearance Is a ttlore sensitive Indica
tor of renal disease~ Ia the BUM. 

Uric Acid (serum) 2 - 6 IDI· C£ Increases In serum uric acid are seen In: 
(a) renal disease 4-20 ~. '£• (b) gout 6 to 
10 mg.$; (c) leukemia ~ to 10 mg.$; (d) 
toxemia of pregnancy up to 20 mg. C£. 

Uric acid clearance 8 - 11 mi. /inm. 

Zinc Tarbldlt.y 

Chemical Testa: 

Uric actd clearance averages about 10$ of 
the urea clearance, and Ia being used to 
lnveFtlgate pre-eclamptic states. 

See •'Tb;ymol Turbidity," above. 

URINE EXAMINATION 

(a) ol CGteeatralJoa 14 br. - pH 8. 0 Usually (but not always) the urine wtU tend 
Raaclom 4. &-a. a to be alkallne In alblosls and acid .Ia actd

dosla. See "Acld-Bue J:qulllbrlum" 

(b) 8pec:lfie 
lr&Tlt.Y 

14 hr. 1.018- 1.026 

Rucba 1.002 -1.040 

Spec:Wc gravity varies With the balaaee be
tween Intake of fluid and loss by the other 
routes of water dtspoaal (perepJraUoa, wm
lUng, .diarrht!a, etc.). JD dlabetea illslpldua, 
Yery large volumes of riry dilute 11r1De are 
excreted. In diabetes mellltus, lheosa ex
cretion may greatly .lacmeue the apectfle 
gravlt,y, due to glyeosurta. 
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Dctcrmtnn.tlon 

Chemical Tests (cont.): 
(c) Protein 

Normal Hance 

Qualitatively 
negative 

(d) Reducing Subatances 
"Glucose" Less than 0 . 1% 

(e) Acetone Bodies Negative 
Acetone 
Aceto-acetic acid 
B-hydro:xy-butyric acid 

(f) Bile Pigments Negative 

Dlncuuulon of Varl~tlonn ln Dlucaoc States 

Several types of proteins may be found ln 
urine: (a) albumin and globulln; {b) ftbrln
ogen; (c) gross blood; (d) abnormal pro
teins - such as "Bence-Jones. " Pathologi
cally the protein may be due to (a) pre
renal causes such as dehydration, Intra
abdominal pressure, fevers, etc.: (b) 
renal- all types·of renal disease may 
cause proteinurla. such as glomerulone
phritis, nephrosis, etc.; (c) post-renal -
addition of protein to urine after It leavea 
the tubules may occur from the renal 
pelvis on; such as ureter, bladder, ure-· 
thra, etc. ; (d) abnormal proteins- e.g., 
"Bence-Jones" protein may be excreted 
through the glomerulus . 

Glucose is found In urine of all persons 
when their blood · sugar is elevated above 
the "renai threshold" such as In (a) dia
betes mellltus; ~) hyperthyroidism,-pitut
tarism, or-adrenalism; (c) severe Uver 
or pancreatic disease; (d) Infection; (e) an
esUtesia or asphyxia; (f) renal glycosuria
low renal threshold as ln pregnancy. May 
be found ln urine during lactation. It may 
be very important to determine the exact 
identity of the sugar. 

These substances. are present ln acidosis 
due to ex.cessiv~ fat metabolism as In un
treated diabetes mellltus, and starvation. 

Bilirubin is found ln the urine ln cases of 
obstructive jaundice and most cases of 
hepatocellula:r jaundice. It ls not present 
In most cases of hemolytic jaundice. Urine 
levels may be elevated as early as nine 
days before clinical jaundice ln Infectious 
hepatitis. 
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Del<' rmlnallon Normal Range Dlncunalon of Variations Jn Dlucaac States 

Urine Jo:xamlnatlon (c~nt.): 
(r.) Occult Blood Negative 

I 
If the hemoglobin la present as rbc mtcro
acoplc examination la more aenaltlve. 
However I tills teat la also used to verlfy 
hemoglobinuria. 

"llcm-:ldlnc Teat" 
"Tolldlnc Teat" 
"Guaiac Teat" 

Xanthochromia 

Turbldlty 

Glucose 

Chlorides 

Proteins 

SPlliAL FLUID EXAMINATION 

50-80 mg.% 

A yellow color usually due to hemoglobin 
from destroyed rbc. 

May be due to bacteria or polycythemia 
(pus). 

Decreased in bacterial meningitis and 
hypoglycemia. Increased in hyperglyce
mia. 

700-760 mg.% NaCl Decreased In bacterial (especially tuber
culous) meningitis. 

15-40 mg.% The protein iu mainly albumJn. Increased 
In meningitis, polyneuritis and tumors of 
the C.N.S. It may be of Importance to 
differentiate albumin from globulin. For 
this technique se~ reference texts. 

312 



SAMPLE IU~QUIHED J:o'OH AHALYSIB 

Determination Be rwn needed Blood needed Anticoagulant 
ml. ml. 

Acetone 1 5 none 
Alcohol, ethyl 2* 5* oxalate 
Alcohol, methyl ... 5* oxalate 
Amino Acid N 1 6 none 
Amylase " (0. 4.) 10 (2. 0) none or oxalate 
Ascorbic acid 6 16 none 
Bilirubin 4 10 none 
BlUrubln, micro 0.2 1-2 none 
Bromide " 10 none 
Bromsulfaleln 1 6 none 
Calcium 6 10 none 
Carbon Dioxide 2**• 8**"" oxalate 
Carbon Monoxide 0.4• 5* oxalate 
Cephalin Flocculation 0.4 6 none 
Chloride 0.4 5 none 
Cholesterol 4 (0. 2) 10 (1) none 
Congo Red 2 5 none 
Creatinine 4 ('1) 10 (15) none 
Esterase 4 10 none 
Fibrinogen a• (1)* 5* oxalate 
Glucose 2* 5* oxalate 
Icterus Index 1 5 none 
Iodine (protein bound) 2 5 none 
Iron 8 20 none 
Iron-binding capacity 12 25 none 
Lipase " 10 none 
Phosphate, inorganic 2 5 none 
Phosphatase 2 (0. 2) 5 (1) none 
Potassium 1 (0. 4) 5 (1) none 
Protein-total 1 (0. 2) 5 (1) none 
A/G ratio 1 5 none 
Prothrombin time 0. 2** 4.5** oxalate 
Prothrombin consumption 0. 2*** s••• none 

Sallcylates 1 5 none 

Sodium 1 (0. 4) 6 (1) none 
Sulfonamide a 1* 6* oxalate 

Thiocyanate a 2 5 none 
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Dl'lcrmlnallo.1 Serum needed Dlood needed Anticoagulant 
mi. ml. 

Thymol turbidity 0.2 6 (1) none 
T t·a.nsa mlnase 0.6 5 none 
Urea 2• (0. 4) 6* (1) oxalate 
Uric Acid 2 6 none 
Zinc turbidity 0.4 5 none 

The above volumes represent the ·volume of serum (or other fluid) needed for 
the actual analysis in dupllc!lte; the volume of blood which is required for the 
production of that amount of serum with a margin of safety; and the type of 
anticoagulant required. 

*Whole Blood **Special oxalate required •••special treatment required 
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CONTROL PHOCEDUH.ES IN THE CLINICAL CHEMISTHY LABORATORY 

The cllnlcal laboratory should provide itself wUh a system of control which wfll 
alert the analyst so that errors will be quickly detected. Some of these systems are 
listed below. 

A. Analysis of known solutions: 
In most of the methods listed, the use of standard solutions is part of the pro

cedure outlined and is therefore an integral part of the system of control. Another 
part of this method, when the photometric technique is used, is the maintenance of 
suitable records, so that any untoward variations in the amount of color produced by 
the standard (and by the blanks\ will at once cause an investigation of the cause. 

B. Replicate determinations: 
This is the only procedure which will allow an estimate of precision (see statis

tics. p. 317). In most cases the replication should start at the original source material 
so as to Include all the possible variations in the measurements which are made. In 
most cUnical chemistry laboratories, single analyses only are made. It would be better 
lf all analyses were done at least In duplicate. 

C. "Blind analysis:" 
Solutions of pure compounds. whose composition is known only to the laboratory 

director and not to the analyst can be a very convenient metJ:lod of control. If a number 
of such solutions are prepared, each suitable for several different determinations With 
different known amounts of substances present, this will pr.-event conscioua or uncon
scious bias in the r~ported results. 

D. Serum Pool Analysis: 
The "known" solution may be a serum pool. A la.r:g~ volume of serum may be 

pooled, divided into convenient portions and frozen. Then, each day or week, one 
sample may be thawed and analyzed. Thla method is limited to the control determin
ations of those substances not altered by this freezing technique. Commercial prep
arations are available which have been dried from such a frozen state and when re
constituted wfth water. serve as a very convenient ·standard serum pool. A number 
of such pools may be collected, analyzed and used for cont!!ol purpoeea aa outlined 
undel" C above. 

E. Laboratory inter-comparison: 
It is extremely difficult to make comparisons between laboratories dUe to the 

use of different procedures and due to the dllficulty of tranaporting specimens without 
chemical alterations. This, Is. however, potentially a very important method of con
trol. It is e15pecla1Jy convenient for two or three laboratories to serve as a continual 
check on each other by a system of continuous sample exclulllf'e. 
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1-,. Hat!!~C of varlatlon: 
The pcn1on writing reports and checking results should be famJUar with the 

usual rant~c d values obtained In each test, not only for normal cases, but also In var
ious p:.lfholo~lcal variations. Whenever the results arc outoitlc the realm of posslblllty 
or even probability, the results should be rechecked. In this jud~ent process, the 
diagnoalR Ia Important, so the request card should be consulted (even though frequeDl
ly Its information wlll be inadequate). Also, the results of other tests on the same 
patient bearing on the same problem will help. 

1. Normal Ranr;es 
Most laboratories maintain a list of normal values. These are usually ex

pressed as a range. Values outside this range are regarded as abnormal or at least 
with suspicion that they may be abnormal. In order to more clear),y comprehend what 
is meant by "variation" and ''normal range" we list the types of varlablllty encoUDtered 
in the field of clinical chemistry. 

a. Analytical variation. This is the range of values to be elQ)ected if a large 
number of Identical samples of the same serum are carried through !tbe analytical 
steps involved. 

b. Individual variation. This Is the range of values to be expected if the eel'11Dl 
(for example) o! a large number of different persons Is ana]yzed, The samples are 
taken at comparable times to minimize the effect of certain ftl'iables mentioned In the 
next paragraph. 

c . Physiological variation: This ls the range of values to be expected if samples 
are taken from one individual at various times during the day or nJgbt; at various Umes 
during his life; or under various types and degrees of physiological stress. Some of 
these variations are predictable or controllable; others are uncontrollable. Tbey are 
due to such variables as: age, sex, previous dietary history, ~weight and hef&ht, 
mental state, degree of muscle activity, etc. 

To minimize some of these n.riations blood samples are usual.q taken with the 
patient in a "fasting" or ''post-prandial" state, some 12-1-i hours after the m.t meal. 
In some cases It is Important to avoid exercise preT10118 to blood c:oUectiall, or ~ 
a series of blood collections. 

Few of the determlnatiODB in this manual haw been studied auUlc:lcmtq to obtala 
a complete knowledge of the effect of all of the factors Uated above. ~ most of tbem, 
the analytical precision can be stated, and in most, the lnclividaal "t'U'Jattcm of the fast
Ing samples is known but the pl\fsiological variation fa for the iDollt part .UU. Incom
pletely studied. 
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STATISTICS 

StatlsUcal analysts ls a vast and growing field with many facets. It wlll suffice for 
our purposes to outllne very simple concepts of two properties of collected data. These 
two properties may be termed measures of 

a. The central tendency 
b. The dispersion or the ••spread" of the data. 

The average or arlthmeUc ~ wlll be used to express the, central tendency. This 
Ia merely the sum of all the values determined, divided by the number of the determbl
atlona. 

The tendency to dispersion Is less easily defined. In any large series of analyses 
It w111 be aoted that the data may be expressed somewhat as shown 1D the followlllg 
bar craph. 
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2 / !'-.. 
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Q 

A 1\ 
The bar graph shows the actual results of a series of analyses. on normal serum, 

while the smooth solid curve Is a theoretical curve based on, an lllflnlte number of 
analyses. 

Dispersion of the results obta.Jned In a series of analyse-' (say ·on normal serum) 
can be expressed as a ra~ from the lowest to the highest values. This Is perhaps the 
most common method used In cllnlcal pathology today. It is better, however. to calcu
late the standard deviation by formulae (1) or (2). 

The standard deviation Is a mathematical measure of the ~persion or "spread" 
of the data to either side of the mean or average value. It may be calculated ualng 
formula (1). 

31T 



(1) ~ =v.?<~ - x)2 

' ·- 1 

cr :: standard deviation 
~ = "sum of" 
M = meiUl or average 

x = arithmetic mean of N determinations 

x = value of a single determination 

x - x = deviation of a single determination 
from the mean 

Thus, after a method Is well-known and the mean and the standard deviation have 
been established, a value which deviates from the mean by more than 3 times the stand
ard deviation (3a-) can be considered "abnormali' or "not due to random errors" since 
only 3 times in a thousand (0. 3%) wUI the deviation exceed 3 .-by mere c'bance. 

When this fa done, we can say with considerable certainty that 68% of all normal 
values wlll fall in the range between the mean minus one standard deviation and the 
mean plus one standard deviation (M t la); that Is to .say, that the ra.Dge A to A' In tbe 
figure includes about 68% of the area under the distribution curve. 

If we extend the range to (M t 2a) then. 86% of all normal values will be lneluded; 
(M t 3o) includes 99.7% of all normal values. 

Another method of calculation of the standard deviation based on dupllcate deter
minations Is given in formula (2). 

(2) (J = (xl - xz)2 
N - 1 

where x1 1s one value and x2 Ia the other value of a pair of determinations on 
the same sample. 

Example: Two different technicians analyzed the same series of •eruma for total 
cholesterol and collected the following data. 
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Scrt\m Cholesterol (mg.%) 

* Value IH Valu~ l#2 (1 - 2) JL - 2)
2 

-----

32 97 95 2 4 
33 104 108 4 16 
35 111 108 3 9 
39 104 108 4 16 
40 136 123 12 144 
41 111 108 3 9 The data are 
42 111 95 16 256 
48 97 95 2 4 analyzed 
50 118 108 10 100 
53 104 101 3 9 using formula 
54 1~8 123 5 25 
58 111 115 4 16 (2) 
59 97 101 4 16 
70 97 115 18 324 
73 126 123 3 9 
75 126 1,29 3 9 

880 135 126 9 81 
885 126 118 8 64 
887 135 117 18 3U 

=.8xl - xz)z 1436 

18 = N-1 

cr yl435 r . :: ~ = '19.7 = 8.92 

The standard deviation is thus B. 92 mg. cholesterol per 100 ml. serum. A dif-
ference, then, of more than 26.8 tng. (3 x 8. 92) between two analyses on the same 
serum would occur only 3 times out of a thousand analyses and thus probably repre-
sents something other than random error. 

This same technic applied to serum sar.nples from a number of normal human 
beings would allow us to state that a variation fl"'m the mean or average normal 
value which exceeds more than 3 times the sll\D,dard deviation represents more than 
random varhition and may be due to physiological or pathological variation ln the 
patient. 

Sometimes it is convenient to express the standard dev,iation in terms of "% of 
the mean. " It is then called the "coefficient of variation. " 

Example: If a series of determinations gave a mean and standard deviation of 
124 t. 8. 9, then the coefficient of variation would be 

8' 9 X 100 : 7. 2% 
124 
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ACID DASJo; E<~UILIIHUUM AND WA'fEit BALANCE 

The cations (or "base") Nal and Kl, ~nd U1c anlonu cl- and IICO - play an import
ant role, by means of their effective oomotlc prcsnurc, ln the rcgula~Joli of the exchange 
of water between the cello of the body and the plasma and lnterstltlal fluid. They are 
also concerned wltb the acid-base equilibrium of the body. 

It Ia lmpooslblc to discuss the chan~es In any one of these Ions without discussing 
the others because of Ute close Interplay between and among them. As a whole, the body 
strives to maintain (a) a constant electrolyte composition (especially In regard to total 
oomotle pressure , which Is almoot equivalent to saying total electrolyte concentration) 
and (b) a eonstant pll. 

The body IQ continually manufacturing "volatile" acid carbon dioxide (H
2
co

3
), which 

Is exereted largely through U.e lungs. In smaller quantities, It forms HCl, H so
4

, 
H3Po4 and others. Most of these latter arc non-volatile and must be excreteS by the 
lddney. n ls the momentous problem of the lungs and kidneys selectively and judicious)¥ 
to excrete the correct substances In the right amounts, so as to maintain the two pre
nously mentioned Important quantities, (a) osmotic pressure or electrolyte concentra
tion and (b) pH. 

The p H depends on .the ratio of HC0
3

- /H2co3 and changes In the acid base equlUbrla 
of the boc:\y arc quickly reflected In the HC03- of the plasma, The ~co3 of the plaama 
will rise and fall with the HC03- of the plasma and the ratio HCOi I HzC03 wlll be very 
close to 20/1; this control Is maintained by variation In tho depth and-rapidity of respira
tion and Illustrates the strong attempt by tbe body to maintain a constant pH. nco3- then 
ls the most labile or changeable of the electrolyte components and any change in the 
ethers will be reflected In a change in HC03-. Thus: 

1. If Malts decreased; uco3- Is decreased. 
2. If· Cl- Is decreased: HC03- Is increased. 
3. If Cl- Is increased: HC0

3
- Is decreased: 

4 . X non-volaWe anions such as 80,4, P04' (renal failure) or aceto~e boc:W acids 
such as aceto-acetate or B-oH butyrate (diabetes) are increased, then HC03 be
comes decreased. 

The above relationships of cour se depend on two axioms: 
1. The total cation concentration must be equal to the total ,ullon concentration. 
2. In general, the total electrolyte concentration is kept relatively constant. 

The Inter-relationships may be seen more clearly by a fe.w examples, keeping In 
mind that the kidney also operates In the regulation of acid-base equilibrium by (1) ex
creting an acid urine , and (2) synU~eslzing ammonia to replace Naf as a cation. Bolli· of 
these methods conserve body base (Nal,. In renal failure Inadequacy of these ''baoe
conse~-vatlon" mechanisms c:1uses a loss of Naf Into the urine and a decrease in plasma 
Na,t concentration. 

Severe loss of plasma volume also may cause a secondary type of renal Insufficiency 
or fallure with slmllar results. 
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EXAMPLES OF l:I,.EC'l'HOLYTJo; CHANGES JN DISEASE 

Normal vah1cH m cq. /llter Aver_:~ 
Na 137-147 112 

Catlono K 4.1-5.6 5 
Ca 4.1-5.6 6 

-----------------------------------
Anions 

23- 31 
96 - 105 

27 
103 

I. Sever<_? Extracellular Fluid Loss "Dehydration": This may be caused by inability to 
eat or dcprivatLon of water and food. No changes are seen in tbe concentration of 
electrolytes at.hrst. The plasma volume decreases, and the electrolyte component& 
of plasma are excreted in the urine proportionately to the plasma volume decrease. 
When the plasma volume has decreased so that renal failure occur.s, loss of Na,t 

increases, serum Naf decreases, non-volatile anions increase and HC03 decreases sec
onaarily to the changes in Naf and non-volatile anions. 

ll. Vomiting (Severe): Decreased plasma Cl- due to loas of Cl- ln HCl of gastric juice. 
There is a decrease in sodlum and increase in non-volatile anions because of de
creased renal function secondary to reduced plasma volume. (In mild vomiting only 
a decrease in Cl- and an increase hi Hco3- may be seen.) 

m. Chronic Nephritis (Advanced): The kidney's reduced abillcy io e~crete fixed non-
volatile anions results in 

a. An increase of these anlons in the plasma .. 
b. A decreased plasma HC03-. 
c. The reduced ability to conserve· base reoults 1n a reduced semm Nat. 

IV. Diarrhea: There is a decrease in Naf because of looa of secretiQn high in Naf 
content . A further decrease in Naf, and an lncreaEic In non-volatile 2Dions and thus 
a decrease in HC03- is seen in more severe diarrhea. 

V. Addlson's Disease: 
A. Primary defect: a deficit of adrenal cortical hormones results In urinary 

loss of Naf and retention of Kf. 

B. Results in 
1. Decreased serum Naf (and decreased plasma volume). 
2. Decreased Hco3- (parallels Nat decrease). 

VI. Diabetes: 
A. Defective metabolism of carbohydrates which results in an excessive cata

bolism of fats and a hyperglycemia. 
B. The by-products of fatty acid metabolism, B-Oll butyric acid, and aceto

acetic acids are strong acids which require t.he excretion. of much Naf and 
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result ln a lowered plasma Naf. Also glucose Is excreted ln the urine 
rcqulrln1; the excretion of water and s~rnc Nat thus further lowering ' 
plasma l~aJ . 

C. Plasma Nat has decreased, no:-~-volatlle anions have increased; therefore, 
HC03- decrease!; to malntain anion-cation equivalency. Since H

2
co 

must U1cn be rcd.t(·cd to maintain the pH constant, hyperpnea is cunc1:auy 
obsen·ed. 

D. As the "dehydration" proceeds due to loss of water along with glucose, and 
with the excretion of the sodium salts, renal dysfunction occurs which re
sults ln still further loss of Naf, and further increase In plasma non
volatile anions. 

E. This is a "vicious cycle" and finally the pH is lowered, and the plasma vol
ume may be lowered enough to cause "shock" or peripheral vascular collapse 
with a low-blood pressure. 

Laboratory Tests: 
Blood - Hgb & hematocrit- both high- suggesting decreased plasma volume

hemoconcentration. 
Plasma- Nat- low 

HC03 - ~low 
ci-- normal or low 
pH- low 

Urine - Sugar - positive - glycosuria 
Acetone bodies -positive 

During and after vigorous treatment of diabetic coma, potassium is rapidly returned 
to the cells from which it was drawn or lost during the acidosis. Therefore it is import
ant to replace Kf and to control its use therapeutically by plasma ·K,l determinations. 

Following are the normal values and conversion factors for the various ions in serum: 

Sodium 

Potassium-

Calcium-

Bicarbonate -

Chloride-
(expressed aa 

Conversion Factor Normal Range 
(mg./loo ~-i.) X 10 = mEq. Na,l /1. 137-14, mEq. /L 

23 
yug./100 mq x 10 = mEq. Kr /1. 4.1 - ~. 6 " 

39 

(mg. /100 mi.) x 2 x 10 = mEq. calf /1. 4.1 - 5. 6 " 
40 

volumes% 
2.24 

= mEq. HC03/l. 23 - 31 " 

(mg./100 ml.) x 10 = mEq. Cl-/1. 
58.45 

96- 1~6 't 

mgm. of NaCl/100 ml.) 

ProteiD (anion) 

ro-1.8 
~ 

" (g./100 ml.) x 2. 43 = mEq. Prot.·-/1. 16-19-

(mg./100 ml.) x 0."580 = mEq. P0:(1.8/1. l.'l- 2.9 
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142 

6 

6 

2'1 

103 

17 
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COAUUL,\TICH~ OF eLOOD 

In o n.ll' l' to undc n;land ( 1) the part proth ro111bin pl:t_vtJ In the coa:~ulatlon of blood, 
(2) Ill' lmporlaucc to the practice of clinical medicine, aud (:1) the importance of the 
vadouH fachll's and real~cnta Involved in the laboratory determination, an abbreviated 
explanation of the clottin[; mechanism wlll be presented. 

The processes involved In the coagulation of blood may be clivided into three ateps (for 
purposes of discussion). These are: (1) Activation of thrombopl::wlin, (2) Conversion 
of prothrombin to thrombin, (3) Conversion of fibrinogen to fibrin. 

Stage 1: Activation of thromboplastin. A number of factors are important in this acti
vation: 

A. Platelet factors 
B. Anti-hemophllic factors 

1. Anti-hemophilic globulin (AHG) in plasma, not present in aged serum, 
not adsorbed by Baso4. 

il. Plasma thromboplastin component (PTC) ("Christmas factor") present 
in serum, adsorbed by Baso4. 

iii. Plasma thromboplastin antecedent (PTA), present in aged serum, not 
adsorbed by BaSO 4• 

C. "Contact factor"--wettable surfaces increase rate of formation of thrombo
plastin. 

D. "Tissue factor"--tissue extracts increase rate of formation of thromboplastin. 
E. call is necessary for thromboplastin formation. 

There is disagreement as to the actual source of the thromboplastin. It may be present 
in plasma as an inactive precursor (Quick_'s thromboplastinogen), and merely activated 
by the tissue and platelet factors. Others believe the reverse is true, that the inactive 
precursors are present in tissue or in platelets. 

Stage 2: Conversion of prothrombin to thrombin. Again a number of different factors 
are important in this conversion. 

A. 
B. 
c. 

D. 

Thromboplastin - derived from Stage 1. 
call is also necessary in this stage. 
Prothrombin Is present in plasma and is converted to thrombin. It is relative
ly stable, and is adsorbed by Baso4 . 
Accessory factors 

1. Proconvertin (plasma) or convertin (serum) is required for the conversion 
of prothrombin to thrombin (physiologically).. It is stable, and is adsorbed 
(as is prothrombin) by BaSO 4. 

11. Proaccelerin (plasma) or accelerin (serum) merely accele·rates the con
version of prothrombin to thrombin, (i.e. , is not absolutely required) 
in the physiological system. It is quite labile and disappears rapidly from 
37° C. incubated plasma, it is not adsorbed by Baso4 (differing from 
proconvertin and prothrombin). 
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OWHEN'S (1953) THEORY OF BLOOD COAGULATION 

Rcf•!rcnce: American Journal of Med1clne 14, 201 (1953). 

This schema represents the lnter-relatlonshJps between the various stages of. 
coagulation. It should be noted that the first stage of coagulatlon is under intensive 
Investigation now and at least two more factors, present In plasma have been shov.u 
to be necessary for the rapid formation ofthromboplastln ln blood. These are plasma 
thromboplastin component (PTC)• the ''Christmas" factor; and plasma thromboplaaUn 
antecedent (PI' A)•. There may be more. 
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St.a1~e 3: Cooverttlon of fibrinogen to fibrin (clot). 
A. Thrombin-produced 1n Stage 2. 
B. Fibrinogen--needed as substrate to the thrombin action. No other factors 

are required. 
The characteristic which above all else bas been most intriguing to lnveetlg-.a.tors of 
coagulation is the suddenness of the clotting once it .started to occur. 'Ilhis rapidity is 
due to what electronic engineerfl call "positlve feed-back", or what biologists call 
"auto-catalysis", that le, 1n the various etages.of coagulation, certain products stim
ulate or accelerate the primary reactioDB, thus, further accelerating the overall 
process. This can be seen by a view of OWrea's (1963) schema seen on the facing 
page, American J. Med • . XIV, 201 (1953). 

326 



ht addition to thcuc "JHlllltlvc fcc•l-baclt" uyHlcrna thcue a luo arc uomc "nc1~atlve feed
back" mechanltunu or lnhlbitot·H uyt~lcm. 

A. Aceclcrln ---} inactive accclerin. (cal.alyzcd by thrombin) 
D. Tluombln t Anti-thrombin ~ inactive thrombin. 
C. Proflbrino1yaln . ~ fibrinolysin (catalyzed by fJbrlnoklnase) 

Fibrin -} Cibrln splft producto (catalyzed by fibrinolysin) 
D. Thrombop1astlna are neutralized by antt-thromboplaotlna. 
E. Flbrlnolyaln fa neutralized by anli-!lbrinolyain. 

Synonymy:· Since there have been many different workers Ln the field, there have been 
may terms invented which apply to the same factor. Some of these which may cause 
confusion are listed here: 

1. Pro-accelerin (Pl3:sma) and accelerln (serum) Factor V. (Owren) 
Ac (Accelerator) globulin 
Prothrombin accelerator 
Plasmatic cofactor 
Labile factor - Quick 
Prothrombin A Quick--1943 
Plasma prothrombin conversion factor (PPCF) 

2. Pro-convertin (plasma) convertln (aerwn) 
Serum prothrombin conversion accelerator (S~CA) 
Stable Prothrombin conversion factflr 
Factor Vll (Koller) 
Stable Factor 

COAGULATION DEFECTS 

Stage 1: Defects 
Hemophilia: A deficiency of anti-hemophilic globulin of plasUJ.a (AHG). 
Thrombocytopenia: A deficiency of platelets and platelet factor. 
"Christmas" disease: A. deficiency of plasma thromboplastin component (PTC). 

Named after the famtly In which Utis defect was first noted. 
(PTA) deficiency: Described by Rosenthal (1955)• 

• A New First-stage Clotting Component. "Plasma Thromboplastin Antecedent". 
Rosenthal, Blood 10, 120 (1955). 

Stage 2: Defects 
Prothrombin deficiency: due to: (1) Vitamin K deficiency and gross liver disease. 

Vitamin K is required by the liver before synthesis of prothrombin can be car
rJed out. Since Vitamin K is fat-soluble, ita absorption froq~ Ute intestine is 
markedly reduced Ln the absence of biliary and pancJ;"eatic secretions. Gross 
Ilver disease such as cirrhosis and acute yellow atrophy and acute chloroform 
poisoning will interfere with the formation of prothrombin even in the presence 
of adequate dietary or intramuscular oynthctlc Vitamin K .. 
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(Z) llr·u~t•rr·hat~k •ll11•·:ut•· ul llu· III'W horn lwlon: lh•: rtJtlllllf: Jln:-nalal 11111: of 
VII:! IIIII! I{ w:•u l:alrl.v ,1'111111111111 (I /401)). Blru:•: "''! IIIII! or ll!l: Vll:unln It Ill lfllldl 

lt•rm ''"""''""· 1111rl !111111 appa n~nlly w:111 dw: f.•1 prolllnHnhln dr:fh:":r11:y ru:t.·ond
ltr'.V lu a Vlla tnht I< th·fldt ·ru:y wltlt:h In !urn wan 11rohahly dw: Lr1 t.h•: ah;t•:nc•: of 
1111 adult I.VI"' of tnlc:r·olll:tl llfll':t In lltt: lnlant'll llalc:rtllnfl. In arlullrt, much of tlte 
Vlt:uuln K •·•·•1111 n :cl 111 rrhl:tltll'll llli'IIIIJ~h lh•: kind m:rvk•:H of lnlt:ullnal haclt!rla. 
llowt· v•·•·, II If' ,. J!:u·l c·o:.,:ulallon rlr:fr·d In !.Ia•: n•: w-ho rn haH nut l.u:•:n In v•·lllf~a-
1•·•1 In llu: ll1~hl .,,. llu: rii'Wt·r HlaJ:•: :t fad11rH, 

(:1) Ulf·•~tllna•·ul JIUI!tlllllnf~: Thlu dll'mk:LI r:aUHI!H :t clotting 'ch:ft:r.l flrHl n••lr:tl 
In •·:tlt:•· fr•c:dlr•J~ em Hpollt:tl HWt:l!l d••v•:r. It IH tlu•: loa lack of prollarornblr. 
(nml al11o Jll'u -•·•mvc:rtln). 'J'hiH dn11~ and ILH c:h(!rnlc:al r .elallvt:H ar(! uucd widely 
for t.lw l n·almc·nl uf pall•:uiM w llh lhnunlmfll H or lh rornbotlc h :ndenc h:H. 

('I) Conlt••nllal Pe·olhrumhln l>dkh·ney: Thuu~h lltc:rc have h1:c~n alleJ~!:tl caHca 
In wh II'! a fa milia I prulh romhl•l rlcfl dc~nc:y w:u~ JH'I~I·U:nl. all but one or Lhcac prob
hahly wen• •·artr:H of pro('rmvet·lln t)r pro-accc:l«: rJn :dl!flclency, Hce below. In 
:tny I! :I HI~, lnHI.:tnl;l~ll of (;OIIJ~<·nJtaJ failure of lhc 1Jvtir lo manUf:.tclUrt! prolhrom
hln muull)(: vc:ry rarc:, lnllu: pn:HI:nc•: of aclcquato Vitamin K and norrnalllvcr 
rurwllunu. 

_l~•:•!:.c:nn\(c: r : t.l~ _ clr·~l~~ !!.:'!.~Y : (J) Vil.amln K de fie Ieney and/or obHlrucllvc jauntllce 
nnd Hlt•alo r· rlu·a (poor almorpl.bn) •:a II HI! Horne d<:c rc:aac In pro-convertin . 
(2) l>leuum:u·ol :lH um:cl In tn:alnwnt of lhromboHIH decn:aHCB pro-convertin as 
w«: II :111 l"'ol h romhln. 
(:1) Con,~c·nllal--t.hc~ rc: an: at l1:aHl HI x c:aHCH of a hcmurrha1~lc tendency from 
c:arly c:hll«llaood which have bc:t•n 1-1hown lo bc: due to a pro-convertin defici ency . 
(-1) Tr·omc• xan trc:alm('nt: ll affc:cls prothrombin very little and Ita main effect 
IH to clr•c:r•·aHC: pro-(:onverlln. 

Pro-:u:c:i: lc:rln cldlc:lt:n<:y: (l) Liver <.IIHcaae which affects the liver cella decreases 
-- r~~~~.-~,;.,:~j;; ;i;:-UbHL~ucUvc jaundice (uncompllcalcd) doc s not affect pro-

nr.<:dc:rln. 
(2} Pot~l -npc•r:lllvdy J>ru-accclcrln dccrcaHCIJ to a minimum at ahout the third 
daly JIOBl-utwr·allvely ancl rcturntl lo uormal on aboullhc ninth <.lay. 
(:1) Ccm~c·nll:ll and familial: a numbc: r of cuRes have been dcacrlbcd, especial
ly In pal h•ni.H he In~ tre ated wllh unll-co:tJ,"lJianll:l. When the rc Ia al~;nlflcant 
thm· lap111: b<~lw•:t•n cu llc :cUont-t and l.he prothrombin asHay, there exlata the 
po11~lhlllly of ll lnHH of uro-aeedc•rlrt. 
(4) Co:•l~ulallnn: Tlu: prn<~<'HH u£ dolling apparc.•ntly useH up pro-accelerin and 
In m:tHIIIvc: .ln_~lvo dollln~ pr·o- ac(:t:lerln dcflctcncy .may occua·. 

s_•:•t;•· :t : _n•:f~·d~ 
Jo'l~t_tjrliiJ~'·II..'~':f_l~·!•;r~<:_y: Pia Hilla fll.Jrlnot~•·n mual ue l>doW 100 m~. '.t to affecllhc 

prolhn11uhln tlnw. (I) Congt'nllai--V<! I)' ran:: The fJ:ltlenl'l:l hlcedln~ lime 
ltlay Ill' nc~ndy nnnnal llhaHLt·allnt~ lhal mP<'h:mJt.nna otlwr than coa~ulallon are 
lmpo d :lilt In t•onl n1l of Hll~ht h<·nwr·rha~~c:. 
(2) M:uwl ve In viVI) t•loll.lnf~ ma.v t':I IIH<! t•apltl dnflba·h)o~enallon or the blnod. 



Other Coagulation Defects: 
"Circulating anti-{:oagulants" may interfere wlth thromboplastin or prothrombin 

or with thrombin activity. Some (heparin) have been shov.11 to interfere with pro
accelerin. "Fibrinolysin" rapidly lyses clots and when present in vivo in large amounts 
mny render the blood "incoagulable", e . . g., in massive intravascular clotting such as 
post-partwn uterine hemorrhage. 

Anticoagulant The~: 
Heparin Group: Heparin ls a complex polysaccharide with many sulphuric acid 

groups. It is not effective by mouth but lengthens clotting time when given intra
venously or intra-muscularly. Its duration of action is relative,ly short (4-6 
hours) and is quite expensive. Its administration is controlled by estimation 
of whole blood clotting times. Heparin may affect thromboplastin generation, 
prothrombin conversion and pro-accelerin activity. 

Dicoumarin Group: These drugs affect factors mainly in Stage 2, the prothrombin 
conversion to thrombin. 
Dlcoumarol: decreases prothrombin and pro-convertin; does not affect pro

accelerin except perhaps to increase its lability. 
Tromexan: decreases pro-convertin, does not affect prothrombin. A short 

acting drug (12-24 hours) . 
Hedulin: Apparently affects only prothrombin, but is a shorter acting drug 

than dicoumarol. 

References: 
The Coagulation of Blood-Methods of Study by L. M. Tocantins, M.D., Green 
and Stratton, 1955. 

Human Blood Coagulation. Biggs, and Macfarlane, Blackwell, 1953. 
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TUltDJDffY STANDAHDS 

Udercnccu: 

1. Shank, n. E. and Hoaglund, c . L . I J. Biol. Chern. 162, 133 (1946). 
2. Duccl, H., J. Lab. & Clln. Mcd., 32, 1266 (1947) 

Some of U1e methode ~escrtbcd depend U()()n the development of a turbidity by the 
addltlon of a reagent to serum, urine or spinal fluid. The degree of turbidity can be 
estimated by the photometer. This is done in the methods dest:ribed for thymol turbid
ity, gamma globulin, urine and spinal fluid protein. These methods are, in general, 
considerably less accurate than are good chemical methods. 

Originally the unlmowns were compared to gelatin standards whose turbidity was 
developed by adding formaldehyde. 

Recently , the use of turbidity standards of barium sulphate suspensionS( has become 
popular. These are prepared as described below. 

Reagents: 

1 . Barium chloride 0.0962 M (2%) 
2. Sulfuric acid 0. 2 N 
3. Stock suspension 

In a 100 mi. volumetric flask !lace 3. 0 ml. of the 2% BaC12 solution._ Cool to 
0°C. ln lee bath. Add 0. 2 N H2so4 at 0 C. wlth shaking up to the mark. Mix rapidly 
and completely. Do not attempt _to store. 

4 . Dilute Standards -
20 unit standard ~. 70 ml. suspension 

0. 30 ml. H2so4 

10 unit standard 

3. 00 ml. total volume 

1. 35 ml. suspension 
1. 65 ml. H2so4 
3. 00 ml. total volume 

Other dilutions may be used and the amounts may be ~ried to give suitable total 
volumes. Place the dilute standards ln matched photometer cuvets, read against dis
tilled water as a blank, and plot D readings against turbic:itty units. 

The data can then be used in the preparation of graphs 
which a turbidity standard ls used. 
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llcsults or turbidity comparlaona made uHing theoe standards as given above wlll be 
cxprcfiHC·i ln 1\lacLa~;lan unlla. One MacLaglan unit represents 10 mg. protein per 100 
ml. of fluid (urine, apina.llluid, or thymol turbltllty, etc . ). Recently the A.A. C. C. 
(American AsRociatlon of Clinical Chcmlots) publlnhed in their first volume of Standard 
Methods of Clinical Chcmlotrx, dlrcctlons for Shank and Hoagland Daso

1
standards. 

The procedure, as suggested 1n SMCC, with any given serum results in wice the num
ber of turbidity units ns would be the correct nwnber of MacLaglan units. This should 
be considered in comparing results of. one laboratory with another. 

CALIDRA TION OF PHOTOMETER TUBES 

In order to be able to compare the optical densities of standards, unknowns and 
bla.nks, it is necessary that the nominal optical thickness of the cuvets or test tubes 
which are used be known or be identical. There are two ways in which to lnsure this. 

1. All readings in the photometer are made using the same photometer tube, rins
ing with solution each time, and being sure that the tube is oriented identically and is 
clean and dry on the outside at each reading. The cuvet may be fixed in position and 
the solution removed by a drain or by suction. 

a. When it is impossible or inconvenient to use Method 1, we must resort to the 
selection of a number of tubes which will give the same effective optical depth when 
used in the photometer. 

Apparatus: 

Photometer using wavelenth 615 mu. 
A stock of test tubes of suitable dimensions. 

The number of test tubes required will usually be about two to three times the num
ber of selected tubes finaUy needed. This number applies only to original selection of 
one homogeneous group from stock supply, since rejects from one group may fit into 
another later group. 

Reagents: 
1. Stock solution: Weigh out accurately 0. 2000 g. KmnO and transfer quantitative

ly to a one-liter volwnetric flask. Add 1. 0 g. KI04 and 60 ~. ~rupy phosphoric acid 
(85~90%). Dissolve completely in distilled water. dilute to one liter, and mix well. 

2. Diluting solution. Dissolve 1.0 g. of KI04 in water, add 60 ml. of syrupy phos
pho-ric acid (85-90%) dilute to one liter and mlx well. 

3. Working solution for "1 em." tubes . Place In a one-liter volumetric flask 
150 mi. of stock solution, dilute to mar k with dllutlng solution, and mix. 
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4. Wurklnr: Hulullon fr>r large photornclcr tuhea ("2 em."). Place to a one-
lllt·r vrJiumelrlc fl:tHk 100 mi. of Htock H'>lutlon, dllulr! to mark w~th dllutlng aolutton, 
and mix. ThiR Hnlullon waH dev,:lopcd by ProlcHHor H. H. Hamilton of Temple Uolver
Hit}' M(:dlcal Sctlf)ol, Phlladr:lflhla, Pa . 
Pruc:cdure: ------

1. Glean the lcHt lubcH well by cleaning fluid or detergent and rinse well with tap 
w:tlct and then wr:ll with diHllllr:d water. 

2. Dry In oven (or overnight), lnvr:rted to avoW duet. 
:J. Fill 2/J full of pure distilled water. 
1. Allow photometer _to warm up well--one to two hours. Then without inserting a 

photnmde r tube. Het the galvanometer at 50. 0 (called a center setting) or at some read
Ing which, with a lube of dlotllled water Inserted will. glvc a reading of 90 to 95. Then 
all the tubeR of water arc read, checking each Umc to keep the ¢at the predetermined 
value (e.g. , 60. 0). Note: lf dove-talllng of the selected tubes with a larger set or with 
other ada IH deal red It will be necessary to choose one selected tube wlth a certain 
reading wJJ(:n filled with dlalllled water (e. g. , 95% transmittance) and reserve this tube 
aH a primary standard, prolcctlng 1t from scratches and dirt, against which all the 
luheH may be compared. 

Each tube before being read should be Inspected for the following important factors: 
a. Cleanliness--even a finger print may seriously affect the reading. 
b. AIr bubbles 
c. Orlent:tllon in the cuvct holder--the pyrex trademark is a convenient point to 

UHe. AIRo If the tube Ia too large and tends to stick, or too loose and tends to wobble, 1t 
should be diHcardcd. 

d. Striae~any tubes with otrlae should be dlacarded. 
6. Hccord all rcatllngs on paper, keeping tubes in order. It may be more convenlent 

In Helecllng a short neriea to record the galvanometer reading on the tube itself. 
6. DIHcard from the series all tubes falling outside the predetermined limits. At 

the high end or the ~r.tlvanometcr Hcale this should be not greater than plus or minus 0. 2 
galvanometer unllH. l•'or example, If the readings cluster about 94.7, the mode of the 
diHtribullon IH 91. 7; then, all tubes with readings less than 94.5 and greater than 94.9 
would he diHc:trdcd. 

7. Pour out the diRtllled wakr, dry as before and rinse with and flU 2/3 full of the 
pcrmanganalc solution. 

8. Keeping the same¢ actllng, record the transmissions of each tube as before. 
The rcadlnJ~H now wJil be between 30 and 40% transmittance. 

9. Again ulst:ard :tlllubcR varying more lhan the preselected llmlto from the mode. 
l•"o•· examr,Je If we decide to allow a variability of plus or minus 0.1 galvanometer units 
and If lhc mode iH :15. G, then all lubes with readings leas than 35.6 and greater tl\an 
35. 7 would be diHc:trdcd. 

10. l.etuH cakulalc what thiH means In terms of inaccuracy contributed to the deter
mination hy the JJholntuht·R. In o1·dcr to calculate the optical densities we must correct 
fur the fad that the bl:mk tuhc was nol Het on 100 but on 94. 7 (the mode of the distribu
tion). !H. 7 /:l!i. 6 = 100/(37. 6). (This is merely lhc calculatlon·of the per cent trans
tultt.:uu·t! of lht~ pcnn:mg:tnale solution .) Now the optical denslly corresponding to a 
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trant~mltl:tncc of 37.6 Is 0. •125 and the lulcrancca allowed above rct•rcHcnl otJtlcal den
sity va rlaUone or 0 . 001 nml 0. 002 for the high anti the low ends or the Neale reat•cctl ve
ly. If these variations are additive they would rcpreaent a 0. 7% error In the £Jnal 
optical density as calculated. If greater error can be tolerated, then wider tolerance 
limits can be set up. 

11. Precision bore tubing both cylindrical and square has recently become avail
able and this may help to solve this problem of callbratlon. All of this tubing, however, 
while of constant lntemal"thlckness, has walls which vary In thickness and this Impairs 
their optical properties somewhat. 

VOLUME CALIDRA TION OF TEST TUBES 

In many determinations lt is advantageous to dilute a solution to a given volume In 
a test tube. The teat tubes may be caUbrated by the following procedure: 

Arrange test tubes in a rack so that they can be easily handled. They need not be 
perfectly clean but must be dry. Using a volumetric transfer pipet, transfer quantita
tively the required volume of fluid such as 10 ml. ,16 ml., etc. 

Arrange the tube In an apparatus; so that the tube can be held vertically and at the 
same time rotated about its long axis. 

Sighting across the lowest point of the meniscus (horizontally to avoid parallax) 
scratch opposite sides of the tube with a fixed diamond pencil. Recheck the accuracy 
of these points visually and then circumscribe the tube with the diamond point. Tubes 
may be numbered if required. 
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Till<; USE OF THE SLIDE HULL-; 

This section Is not Intended to substitute for the excellent manuals of instruction 
which acc:ompany most sUde-rules. It is intended as a very brief statement regarding 
their usc. Only persistent use of a slide rule will permit the owner to achieve that de
gree of familiarity which Nlll serve to shorten the labor of ntathematical calcul\ltlons. 

Multiplication: 
The scale labeled C (on the slide) and the scale D (on the rule) are used for multl

pllcatlon. These two scales arc exactly alike. The total length of these scales has been 
separated Into smaller parts by graduatlona. Note that the distance between 1 and 2 and 
between 2 and 3 etc., is not the same. It decreases as the number increases. It is 
carefully measured to decrease logarithmically. So that what we do in multiplication is 
to add lengths of the rule corresponding to the logarithm of the numbers we wish to 
multiply together. 

Remembering that the sum of the logarithm of A and B equals the logarithm of the 
product Ax B 

log A f. log B : log (A x B) 
We see that by adding lengths of rule we can multiply. 

Similarly, by subtraction of lengths of the rule, we can divide 
log A - log B :: log (A/B) 

Example: Examples of simple multipllcatlon and division wUl be given and your tech
nique can be checked at any time by redoing these examples. 

Multiplltatlon: Multiply 2 x 3 
1. Betting the scales 

Set the left index (1) of the C scale on 2 of the D scale. Now find 3 on the C 
scale and read the product 6 on the D scale. Thus, the length for 2 plus the length for 
3 will be the length for the product (6). 

Division: Divide 8 x 4 
1. Find 8 on the D ocate, set 4 on the C scale over lt and read the result 2 on the 

D scale under the index 1 of the C scale. The length for 8 minus the length for 4 is the 
length of the dividend (2). 

Decimal Point Location: 
The slide rule does not locate the decbnal point. However in most cases the loca-

tion of the decimal point can be estimated by "common" sense. Thus 122. 1 + 9. 6 is 
about 100/10 and the answer is about 10 (12. 73; not 1. 273; not 12'1. 3). 

Further details and short-cuts can be seen and learned by reference to slide rule 

manuals. 
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Common Lognri l.hmn of Nurnhor:J 

l
ti
0 

o 1 2 3 1, !) 6 _1_ 11 9 
OoOO 001iJ 0006 0120 01'70 0212 02>J Q29II OJJTi 03'1~ 

11 041h o4SJ o/,92 oS31 o~69 0607 o645 0602 0119 07SS 
12----0792----0820--0064--0099--0934----0969----1004--1030--1072--1106 
1) 1139 1173 1206 1239 1271 130) 1)35 1367 1)99 1430 
14 1461 1492 152) 1553 1504 1614 1641! 1673 1703 17)2 

lS 1761 1790 1818 1047 1875 1903 1931 1959 1967 2014 
16 2041 2068 2095 2122 2148 2175 2201 2227 2253 2279 
17----2304----2330--2J55--2380--2Lo5----2430----2455--2400--2504--2529 
18 2553 2577 2601 2625 2648 2,672 2695 2718 2742 2765 
19 2788 2810 2833 2856 2878 2900 2923 2945 2967 2989 

20 )010 )032 3054 3075 3096 3116 3139 3160 3161 3201 
21 3222 3243 3263 3264 3304 3324 3345 3365 3365 3404 
22----J424----J444--3464--J46~--3502----J522----3541--3560--3579--JS98 
23 )617 )636 3655 3674 )692 3711 3729 ,747 3766 3784 
24 3802 3820 3838 3856 3874 3892 3909 B927 3945 3962 

25 3979 3991 4014 40)1 4048 4065 4082 4099 4116 4133 
26 h150 4166 4183 4200 4216 1!2)2 4249 h265 4281 h298 
27----4314----4J3D--4346--4J62--4J78----439)----4409--4425--4440--445~ 
28 4472 4L87 4502 4518 4533 4548 4564 4579 4594 46b9 
29 h624 4639 4654 4669 4683 4698 4713 4728 4742 4757 

30 4771 4786 h800 4814 4829 4843 4857 4871 4866 4900 
31 4914 4928 4942 4955 4969 4983 4991 5011 $024 50J8 
)2----5051----5065--5079--5092--5105----5119----5132--5145--5159- -5172 
33 5165 5198 $211 5224 5237 5250 5263 5276 5289 5302 
34 5315 $328 5340 5353 5366 5378 5391 5403 5416 5428 

35 5441 5453 5465 5478 549o 5502 S514 5527 5539 5551 
36 5563 5575 5$87 5599 5611 5623 5635 5647 5658 5670 
37----5682----5694--5705--5717--5729----5740----57$2--5763--5775--5786 
38 5796 5809 5821 5832 5843 5855 5866 5,877 5868 5899 
39 5911 5922 5933 5944 5955 5966 5977 5988 5999 6010 

40 6021 60lt 6042 6053 6064 6075 6085 6o96 6107 6117 
41 6126 6138 6149 6160 6170 6180 6191 6201 6212 6222 
12----62J2----624J--6~>J--6~63--627u----t284----6294--63o4--6314--6325 
uJ 6335 6345 6355 6365 6375 6385 6395 64o5 6415 6425 
44 6435 6444 6454 6464 6474 6464 6493 6503 6513 6522 

45 6532 6542 6551 6561 6571 6580 6590 6~99 6609 6616 
46 6626 6637 6646 6656 6665 6675 6684 6P93 6702 6712 
47----6721----673D--6739--6749--6758----6767---6776--6165--6794--6803 
b8 6812 6821 6830 6839 6848 6857 6866 6875 6~84 6893 
49 6902 6911 6920 6928 6937 6946 6955 6964 6972 6961 

so 6990 6996 1001 7016 7024 7033 7042 7050 7059 7067 
51 7076 7084 7093 7101 7110 7118 7126 7135 7143 7152 
52----7160----7168--7177--7185--7193----7202----7210--7216--7226--7235 
53 7243 7251 7259 7267 7275 7284 7292 1300 7308 7316 
54 7J2h 7332 731,o 7Jhll 7356 7364 7372 7300 7388 7396 
-tf 0- -1- 2- - )- " -s - 6- -7- -a --9-
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Common Lor:·, r l tltmu of Numbnra 

t!Ns _Lo ,- + + _.L _L _s_ ._fL. _L __ ll_ J_ 
~ 7 0 I 7~.~12 7~.~19 7L27 7LJ5 7ltLJ 71!51 "(169 1hM.. •tiJ74 
56 7lt02 71.90 71&97 7505 7513 7520 7520 7536 751!) 7)51 
57---1559----7%&--757L-7502·-··7S09·- -7597-··7604---7612--7619--76<'7 
58 76JL 76L2 76L9 7657 7664 7672 7679 7606 7694 77C1 
59 7709 7716 772) 7731 7736 7745 7752 7760 7767 7774 

60 7782 7789 7796 78oJ 7610 7616 7825 7832 7839 78L6 
61 7853 766o 7866 7875 7802 7889 7896 1903 7910 7917 
62---7924---79)1·--7938---7945··· -7952----·-7959---7966-797 J--7980--7987 
63 1993 6000 8007 8014 8021 8028 8035 60111 OOL8 8055 
64 6062 8069 8075 6082 8089 8096 8102 8109 8116 8122 

65 6129 8136 8142 8149 8156 8162 8169 6176 8162 8169 
Y:J 6195 8202 6209 6215 8222 8228 6235 82lt1 0246 8254 
67--8261---8267--827L--628~-·8287--·-8293----8299:····8306--8312-8319 
66 8325 8331 8336 6JL4 8351 6357 8363 8370 8376 8382 
69 6388 8395 6L01 6Lo·t 041L 6420 0426 8L32 8439 8445 

10 6451 8457 8463 8L70 8476 8482 8L88 849L osoo 8506 
71 8513 8519 6525 8531 8537 85L3 85L9 8555 8561 8567 
72---857J.-· -8579--6585--8591--8597----860J--8609-8615--8621--8627 
73 8633 8639 6645 8651 8657 8663 8669 8675 8681 8686 
7L 8692 8696 870L 6710 8716 8722 8727 6733 8739 6745 

75 8751 6756 8762 8768 8774 6779 8785 8791 6797 8802 
76 6806 8814 8820 862S 6831 8837 86b2 6048 6854 6859 
77---6865----6871-8676-6882-···6667-·-·--889J---8899--890L--8910--691S 
76 6921 8927 6932 8936 89113 69l,9 895L 6960 6965 8971 
79 6976 8982 6987 6993 6998 9004 9009 9015 9020 9025 

80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 
81 9085 9090 9096 9101 9106 9112 9117 9122 9128 9133 
82---9136----91L3·--9lla9--9154·-915"9---9165---9170..--9175~9180-9186 
8J 9191 9196 ~201 9206 9212 9217 9222 9227 9232 9236 
64 9243 9248 9253 9258 9263 9269 9274 9279 9264 9269 

85 9294 929~ 930L 9309 9315 9320 9325 9330 9335 9340 
86 9345 9350 9355 9360 9.365 9370 ·9375 9380 9365 9390 
87--9395-- :9400--9h05·--94I0--941>--9h20----9425- ·9li30--9L35-944o 
88 94L5 94SO 9455 9L60 9h65 9469 9474 9479 9L64 9469 
89 9494 9499 9504 9509 9513 9518 9523 9526 9533 9538 

90 9542 9547 9552 9557 9562 9566 9571 9576 9561 9586 
91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 
92---:..-9636---·--9643-·96!. 7 -·-9652---·965?· - -· . 9661··· ...... >9666- -96 71· -9675--9680 
93 9685 9689 969b 9699 9703 9706 9713 9717 9722 9727 
94 9731 9736 9741 97LS 9750 9754 9759 9763 9768 9773 

95 9717 9782 9786 9791 9195 9600 9805 9809 9514 9818 
96 9623 9827 9632 9836 9841 ~tl45 -98So 9654 9859 9663 
97-9668----9872·-··9877·····9881---9886· -·. ····9890- -·- ·9894 ···9899·-9903· --9908 
98 9912 9917 9921 9926 9930 ·9934 ;9939 9943 9948 9952 
22 .222Q ,2261 22Q~ 22q2 .22"!4 .22.7_~ 29~J. 22f17. 29...2.! .222§ 
N 0 1 2 3 I, s 6 1 8 9 
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Optfc:tl Denr;lty (D) table lor valuf!a of per cenlllght tram:mftfed (f) 

D = 2 -log10T, where T c_!_ X 100 
'a , 

T 0.0 0.1 0.2 0.3 O. t 0.6 0.6 0.7 0.8 0.9 

0 3.000 2.699 2.523 2.398 2.301 2.222 2.155 2.097 2.046 
1 2.000 1.959 1. 921 1.886 1.854 1.824 1. 796 1.'170 1.745 1. 721 
2 1.699 1.678 1.668 1. 638 1.620 1.585 1.569 1.569 1. 553 1.538 
3 1.623 1.609 1. -495 1. 481 1.469 1.456 1.444 1.432 1.420 1. 409 
4 1.398 1.387 1.377 1.367 1.357 1. 347 1.337 1.328 1.319 1.310 

5 1.301 1.292 1.28-4 1.276 1.268 1. 260 1.252 1.244 1.237 1.229 

6 1.222 1.21& 1.208 1. 201 1.194 1.18'1 1.180 1.174 1.167 1.161 
7 1.156 1.149 1.143 1.137 1.131 1.125 1.119 1.114 1.108 1.102 
8 1. 197 1.092 1.086 1. 081 1.076 1.071 1.068 1.060 1.066 1.061 

" 1.048 1.041 1.036 1.032 1. 02'1 1.022 1.018 1.013 1.009 1.004 

10 1.000 0.996 0.891 0.987 0.983 0. 979 o. 975 0. 911 0.96'1 0.963 

T 0.0 0.1 0.2 0.3 0.4 0.5 0.8 0.1 0. 8 0.9 

10 1.000 996 991 98'1 983 979 975 911 967 963 

11 959 966 961 947 943 939 936 932 928 924 
12 921 91'1 914 910 907 903 1100 896 893 889 

13 886 883 879 876 873 870 866 863 860 857 
14 854 851 848 846 842 839 838 833 030 827 

15 824 821 818 815 812 810 807 804 801 '199 

18 796 793 '190 '188 786 783 780 '1'1'1 1'16 '1'12 

1'1 770 787 764 762 769 767 '164 762 '1&0 147 

18 745 742 74.0 738 736 733 730 728 726 72-4 

19 721 '119 717 714 112 710 '108 T08 'J03 701 

20 699 697 696 693 690 688 686 684 682 &80 

21 6'18 676 674 672 670 668 666 664 662 660 

122 668 668 664 662 660 648 646 644 642 640 

23 638 636 836 633 631 629 82'f 625 623 822 

24 620 618 616 614 813 611 609 601 606 604 
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T 0.0 0. 1 0.2 0.3 0.4 0. 5 (1 , 6 0.7 0. 8 0.9 

26 602 600 599 597 595 593 592 590 568 587 

26 585 583 582 580 578 577 575 573 572 670 
27 569 567 565 564 562 561 559 558 556 !i54 
28 553 551 550 548 547 545 544 542 541 539 
29 638 536 535 533 5:12 530 529 527 526 5'24 

30 523 521 520 619 617 616 514 513 511 510 

31 509 507 506 604 503 502 500 499 498 496 
32 495 493 492 491 489 488 487 485 484 483 
33 481 480 479 478 476 475 474 472 471 470 
34 469 467 466 465 463 462 '461 460 458 457 

35 456 455 453 452 451 450 449 447 446 445 

36 444 442 441 440 439 438 437 435 434 433 
31 432 431 429 428 427 42.6 425 424 423 421 
38 420 419 418 417 416 415 413 412 411 410 
39 409 408 407 406 405 403 402 401 400 399 

40 398 397 396 395 394 393 391 390 389 388 

41 387 ' 386 385 384 383 382 3Al 380 379 378 
42 377 376 375 374 373 372 371 370 369 368 
43 387 366 365 364 363 362 361 360 359 358 
44 357 356 365 354 353 352 351 350 349 348 

46 347 346 345 344 343 342 341 340 339 338 

46 337 336 335 334 333 333 332 331 330 329 
47 328 327 326 326 324 323 322 321 321 320 
48 319 318 317 316 .315 314 313 312 312 311 
49 310 309 308 307 306 306 3.05 304 303 302 

60 301 300 299 298 298 297 296 295 294 293 

61 292 292 291 290 289 288 287 287 286 285 
62 284 283 282 281 281 280 279 278 277 277 
53 276 276 274 273 272 272 2'11 270 269 268 
64 268 267 266 266 264 264 263 262 261 260 

65 260 268 258 26'1 266 256 265 254 253 253 
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T 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

66 262 261 250 249 249 248 247 246 246 246 
67 244 243 243 242 241 240 240 239 238 237 
58 23'1 236 236 234 234 233 232 231 231 230 
69 229 228 228 227 226 225 225 224 223 223 

60 222 221 220 220 219 218 218 21'1 216 216 

61 216 214 213 213 212 211 210 210 209 208 
62 208 20'1 206 206 206 204 203 203 202 201 
63 201 200 199 199 198 197 19'1 196 195 194 

84 194 193 192 192 191 190 190 189 188 188 

66 18'1 186 188 186 184 184 183 182 182 181 

86 180 180 1'19 1'18 1'18 1'17 177 178 1'16 176 
6'1 1'14 1'13 173 1'12 171 1'11 170 169 188 168 
68 187 16'1 186 188 165 184 164 183 162 162 
69 161 161 160 159 159 158 15'1 16'1 166 166 

'10 156 154 164 153 162 152 161 161 160 149 

71 149 148 148 147 146 146 146 144: 144 143 
72 143 142 141 141 140 140 139 138 138 137 

'13 13'1 138 13& 136 134 134 133 133 132 131 
14 131 130 130 129 128 128 12'1 12'1 126 128 

'16 126 124 124 123 123 122 121 121 120 120 

78 119 119 118 117 11'1 116 116 116 116 114 

'1'1 114 113 112 112 111 111 110 110 109 108 
'18 108 107 10'1 108 106 106 106 104 103 103 

79 102 102 101 101 100 100 099 on 098 09'1 

80 097 098 096 09ft 095 094 094 013 093 092 

81 012 091 090 090 089 089 088 ot8 08'1 08'1 

82 086 088 086 086 084 084 083 082 082 081 

83 081 080 080 079 079 0'18 0'18 0'1'1 on 0'16 

84 0'18 0'16 0'16 0'14 0'14 0'13 0'13 012 0'12 0'11 

86 0'11 0'10 0'10 069 069 088 068 oaf 08'1 086 
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T 0.0 4.1 0.2 0.3 0.4 0.6 0. 8 0.7 0.8 0. 9 
T 

86 071 070 070 069 009 068 068 08'1 067 066 

86 066 065 064 064 063 063 062 062 061 061 
8'1 060 060 069 059· 058 058 067 057 06'1 056 
88 058 056 066. 054 054 053 063 062 062 051 
89 061 060 050 049 049 048 048 047 04'1 046 

90 046 046 045 044 044 043 043 042 042 041 

91 041 040 040 040 039 039 038 038 037 03'1 
92 031 036 036 035 034 034 033 033 032 032 
930 032 031 031 030 030 029 029 028 028 02'1 
94 027 026 0.26 026 025 026 024 024 023 023 

95 022 022 021 021 020 020 !020 019 019 018 

96 018 01'1 017 016 016 015 016 016 014 014 
9'1 013 013 012 012 011 011 011 010 010 009 
98 009 008 007 007 007 007 006 006 006 
99 004 004 003 003 003 002 001 001 000 

3au 



lllt;i~N 1;:. 1\lad•'adanc, Human lllood Coal~ulatlun, Oxfol·d, 1953, lllackwcll Sclcntlflc 
Publk;ltimw. 

Gamble, Jamct> L... Jo:xtra-ccllular J:o'luid, cd. 5, Cambridge, Mnou., 1952, Harvard 
Un ivc rslty Press. 

Gotlhale.-., Vance, Hdpcrn & Umberger, Lcc-al Medicine and ToY.lcoloCY, Ed. 2, 1964, 
Appleton-Ccntury-Crofto, Inc . 

Hamilton, R. H. , and others. Phynlologlcal Chemistry Lnboratory Manual, ed. 7., 
Philadelphia, Hl56, Temple University School of Medicine. 

Harper. Harold, A. , Ph. D. , Review of Physiological Chemistry, ed. 3, University 
Medical Publishers, P. 0. Box 761, Palo Alto, California. 

Hawk, P.B., Oser, B. L., and Summerson, W.H., Practical Ph.voiologlcal Chem
istry, ed. 12, Philadelphia-Toronto, Hl47, The El~kluton Company. 

Hoffman, W. S., The Biochemistry of Clinical Medicine, Chicago, 196.(, 
The Year Book Publishers. 

Knights, E. M., MacDonald, R. P., and Ploompuu, J., Ultra-Micro Methods for 
Clinical Laboratories, Grune & Stratton, New ·York, 1957. 

Koch, Frederick C., and Hanke, Martin E., Practical Methods in Biochemistry, 
ed. 6, Baltimore, i953, The Williams and Wilkins Co. 

Kolmer, J.A., Spaulding, E. H., and Robinson, H. W., Approved Laboratory Technic, 
ed. 5, New York, 1951, Appleton-century-crofts, Iuc. 

Levinson, S. A., and MacFate, R. P., Clinical L2horatory Diagnosis, ed. 6, Lea & 
Febiger, Philadelphia, 1956. 

Lippman, Richard W., Urine and the Urinary Sediment, ed. 1, 1952, Springfleld, Dl. 
Charles C . Thomas·. 

Peters, J.P. , and VanSlyke, D. D., Quantitative Clinical Chemistry, Vol n, Methods. 
Baltimore, 1932, Wmiams and Wilkins Co. 

Reiner , Miriam (ed.), Standard Methods of Clinical Chemistry, Yol I, (Amer. Assoc. 
Clln. Chemists), New York, 1953, Academic Press, Inc . 

Tocantins, Leandro .M. , The Coagulation of Blood (l'.tethods of Study), New York
London, 1956, Grune It Stratton. 

Todd, J.C., and Sanford, A. W., Clinical D~anosls with Laboratory Ketbods, ed. 10. 
Philadelphia and London, 1943, W. B. Saunders Co. 

Varley, Harold, Practical Clinical Biochemistry, ed. 1, New Yotk-London, 1864, 
lnterscience Publ. Inc. 

Wclsburg, Harry F., Water, Electrolyte and Acid-Base Balance, Baltimore, 1953, 
Wllliams and Wilkins C•J. 

Yearbook of Pathology and Clinical Pathology, Pathology Yearbook Publishers, Inc . 
Chicago, lll. 

340 



BJBLIOGHAI'IIY 

Ainsworth, A. W.; Analytical ami rni,·rolmlancea, Jnd. and En". Che rn . (Anal. 
Ed . ) , _!!, 57~-3 (1939) . 

Alb:tnc:;l~. A.A. and V. lrhy; l)ctc rmlnatlon of urinary amino nitrogen by the 
cupper melhud, J. Ulol. Chern., l!J:J, 58:1-8 (1944) . 

Albancs'!, A.A . and V. lrhy; Determination of amino nitrogen of blood filtrates 
by the copper method, J. Lab. and Clln . Mcd., 30, 718-21 (1945) . 

Algcrl, to: . J. and J . T. Walker; Paper chromatography for ldentfftcatlon of the 
common barbiturates, Am. J. Clln . Path., 22, 37-40 (1952) . 

Alper, C., Llpaae.(Tributyrlnasc). In: Standard Methods of Clinical Chemistry 
(Vol. 1), Academic Press Inc., Publlsh<!rs, New York, 1953, pp. 71-4. 

Altman, V., M . Nelson and D. Pernova; Determination of plasma billrubln by a 
simple micromethod, Am. J. Clln . Path. , 26, 956- g (1956) . 

Ander·son , G. E., R. W. lllllman, I.Io,.A. Van Elk and A.J. Perfltto; Postabsorp
Uve undulations and oscUlations In blood glucose, Am. J . Clln. Nutr. , 4, 673-86 
(19&6) . -

Anker, R. M. : Determination of estrogens in stored urine a of pregnancy, J. of 
Clln. Emlocr. and Metabollsm, !!!.., 210-14 (1955). 

Archibald, R.M.; Determination of lipase activity, J. Biol. Chern . , 165, 443-8 
(1946). 

Askevold, R.; Routine analysts of porphyrins in urine, Scand. J. of Clin. Invest., 
!!_, :ns-9 (1951). 

Bachman, C. and D.S. Pettit; Photometric detcrmlnation.of estrogens, J. Biol. 
Chern., 138,- 689-704 (1941). 

Bamford, J.<' ,, C. P . Stewart and S. Smith; Poisons , Theft Isolation and Identifica
tion (3rd ed.), The Blaldston Co. , Philadelphia, _1951, 11 pp. 68-71. 

Barker, S. U., M.J. Humphrey and M. H. Soley; The clln..l,cal determination of pro
tein bound iodine, J. Clln. Invest., 30, 55- 62 (1951). 

Barnes, H. B., D. Richardson, J. W. Berry and R. L . Hood; Flame photometry, 
Ind . and Eng. Chern. (Anal. Ed.), 17 , 605-11 (1945). 

Bergmann, F . , and S. Dlkstein; Stuuies on uric acid and .related compoi,Ulds, J. Biol. 
Chern., 211, 149-53 (1954). 

Derry, J. W. -:-D. G. Chappell and R. B . Barnes; Improved method· of flame photo
metry, Ind. and Eng. Chern. (Anal. Ed. ) , 18, 19-24(1946). 

Blade, E.; ~allbration of weights, Ind . and Eng. Chern. (Anal. Ed. ), 11, 499-501 
(1939) . 

Dloor, W. R. and A. Knudson; The separate determlnation .of cholesterol and chol
este rol esters .tn smali amounts of blood, J. Bioi.. Chern., 27, 107-12 (1916). 

Dloor, W.n., K. F. Pelican ~d D.M. Allen; Determination of fatty acids (and 
cholesterol) In small amounts of blood plasma, J. Biol. Chern., 52, 191-205 
(1922) . 

341 



Uo~l'01 1-;.: A quantllatlve !:iludy of acute akohollc htloxlcallon, Am. J. Mcd, Sci., 
!1.~. 153 (Hl2R). 

lloutwt!ll. J. II., Jt·.; The rldl•t·mlnallon of urea as ammonia by direct ncsslcrlza
tl<'tl, Clln. Chcm . , .;!_, 205 (JU57). 

Dowl('tl H. G. The dctcnnlnatlon of thiocyanate In blood serum, Blochem. J., 38, 
385-8 (l!JH). -

Bratton, A. C., and E. K. Marshall, Jr.; A new coupling component for aullanll
nmidc d<~lerminatlon, J. Biol. Chern., 128, 537-50 (1939). 

Brtm~s. A. P. A colorimetric method for determination of small amounts of 
magnesium, J . Dlol. Chern . , f!.2, 349-355 (1922). 

Drodle I D. D., S. Undcn.frlcn.d and H. F. Coburn; Determination· Qf salicylic acid 
In plasma, J. Pharmacol. and Exp. Therapeutics, 80. 114-7 (1944) . 

Brown, H.; The dcter~ination of uric acid in human blood, J. Bioi. Chem., 158, 
601-8 (1945). 

Brunsting, L. A., H. L. Mason and R. A. Aldrich; Adult form of chronic porphyria 
with cutaneous manifestations, J.A.M.A., 146, 1207-12 (1951) . 

Buchanan, O.H., W.D. Block and A.A. Christman; The metabolism of the methy
lated purines, J. Biol. Chern., 157,181-7 (1945). 

Bunch, L. D. I and R. L. Emerson; Serum lipase determJnation; four hour technic 
with olive oil substrate, Clln. Chern. , ~. 75-82 (1956), 

Cabaud, P., R. Leeper and F. Wroblewsk.t; Colorimetric measurement of serum 
. glutamic oxalacetic transaminase, Am. J . Clin. Path. 1 26, 1101-5 (1966). 

Callow, N. , R . Callow and C. Emmens; Colorimetric determination of substances 
containing the grouping -CH2co- in urine extracts as an indication of androgen 
content, Bloc hem . J., 32, 1312-31 (1938). 

Carr, J,.T. and I. J. Drekter; Simplified rapid technic for the extraction and deter
mination of serum cholesterol without saponification, Clin. Chem. , ~. 363-68 
(1956). 

Cherry, I. S., and L.A. Crandall; . The specificity of pancreatic lipase: its appear
ance in the blood after pancreatic injury, Am. J. Physiol. 1 100 •. 266-73 (1932). 

Clark, W. M., The Determination of Hydrogen Ions (3rd ed.): Williams and Wtlklns, 
Baltimore, Md. , 1928. 

Clark, E. P. and J.B. Collip; A study of the Tisdall method for the determination of 
blood serum calcium with a suggestedmodiflcation, J. Bioi. Chem., 63, 461-4 
(1925). 

Clark, L.C., Jr. and H.L. Thompson; Detennination of creatine and creatinine in 
urine, Anal. Chem., 21, 1218-21 (1949). 

Connerty, H. v:, A. R. Briggs and E. H. Eaton; Determination of blood urea nitro:
gen using a ·stmple stabilizing reagent, Am. J. CUn. Path.,~. 1321-5 (1956) . 

Craig, A.; The testing of chemt«:!al bala:neE!l;·;' '·Ind'. and Eng. Chem. (Anal. Ed.), 11, 
581-2 (1939) 

Crooke, A.c . .• W.R. Butt, J.D. Ingram and L.E. Romanchuck;·Chemlcal assay of 
gonadotrophins in urine, Lancet, !· 379-83 (1954) .. 

Cutler, H. H., M. H. Power and R. M. Wilder; Concentrations o( chloride, sodium 
and potassium ln urine and blood, .J.A.M.A., 111, 117-22 (1938) . 

Darling, R. c. Electrolyte abnormalities of the sweat in fibrocystic disease of the 
pancreas, Am. J. Mcd. Sci.. 225, 67 (195a). 

342 



Davldt'ohn, I. c1l.), A cu rrkulum for ~khool~ of Metllca I Technolo1~.Y (ant «!tl.): 
lh.·~l::;try of Medical Tcehnolo,;i::JlH, American tiot'lcly of Clinical Patholot~lats, 
Muncie, Ind. , 1953. 

Davis, H. J. ami E. Wood; Improved method for prostatic add phosphatase, Clio. 
Chem., ~. 248 (1956). 

Dekanski, J . ; The kaolin adsorption method for the quantitative assay of urinary 
gonadotrophins, Brit. J. Exp. Path. , 3(!, 272-82 (1949). 

Denis, W. The determination of magnesium in blood plasma and serum, J. Biol. 
Chern . , 52, 411 (1922) . 

Diethelm, 0., On bromide intoxication, J. Nerv . and Mental Dis., .'!.!· 151-65 
(1930). 

di Sant 'Agncse, P·. A.; Abnormal electrolyte composition of sweat in cystic fibrosis 
of the pancreas: Its clinical significance and relationship to the disease, 
Pediatrics; 12, 549 (1953). 

Dragstedt, C.A. and M.A. Mllls; The e mployment of oxalated plasma in the brom
sulphaleln dye retention teat, J. Lab. and Clin. Me~., 21,1306-7 (1936). 

Dryer, R.L., A.R. Tammes and J.I. Routh; The determination of phosphorus 
and phosphatase with N-phenyl-p-phenylenediamine, J. Biol. Chern., 225, 
177-83 (1957) . 

Ducci , H.; The thymol testof Maclagan, J. Lab. and Qlin. Med., 32 , 1266-72, 
(1947). 

Ducci, .H. and C. J. Watson; The quantitative determination of the serum bllirubin 
with special reference to the prompt-reacting and thEi chloroform soluble types, 
J. Lab. and Clln. Med., 30, 293-300 (1946) . 

Durom, R.M . aqd R.A. Shipley; The simple determin~Uon of blood ketones in 
diabetic acidosis, J. Lab. and Clin. Med. _!!, 1162-;3 (1946). 

Engstrom, W. and H. Mason; A study of the colorimetric assay of urinary 17-
ketosteroids, Endocrin., ~ 229-38 (1953). 

Ferro, P. V,and A.B. Hami The spectrophotometric det~rmination of calcium, 
In press. 

Finlay, J. M., B. E. C . Nordin and R. Fraser; A calcium infusion test, Lancet, 
1, 826-30 (1956). 

Fis~an, W. H. and F. Lerner; A method for estimating serum acid phosphatase 
of prostatic origin, J . Biol. Chern . , 200, 89-97 (1953). 

Fiske, C. H. andY. Subarrowi Colorimetric determination of phosphorus, J . Biol. 
Chern. , ~ 375-400 (i925). 

Fister, H. J. , Manual of Standardized Procedures for Sp~ctrophotometric Chem
istry: Standard Scientific Supply Co., New York, 1950. 

Folin, 0. and H. Wui A system of blood analysis, J . BioL Chern., 38, 81-110 
(1919). 

Fowell, A. H.; Turbidimetric method of fibrinogen assay, Am. J. Clin. Path., 
25, 340-2 (1955). 

Fowweather, F. S. and W. N. Anderson; A method for the determination offat in 
feces. Biochem. J. , 40, 350-1 (1946). 

343 



1-'ranco. V. and H. Kh·in: The lllit·rodelcnulnatlon of chloddco In serum and 
spinal fluid, J. Lab. and Clln. Mcd., 37, !150-4 (1951). 

G:wblc1·, 0. II.: Ddcnnlnalion of br·om~:~ulphalcln in normal, turbid, hemolyzed or 
(cleric serums, Am. J. Clln. Path., 15, 452-5 (1!1·15). 

Glolsler, J., Mcdi('al Jtirlsprudcncc and Toxicology (9th ed.): E. and S. Liv~ng
stone, Ltd., 1950, PIL 545-7. 

Goldbatm1, L.R. · Determination of barbituratco, Anal. Chern., 24, 1604-7 (1952). 
Goldstein, N: P., J.P. Epstein and J. H. Roe; Studies of pancreatic function, 

J. Lab. and Clln. Mcd., 33, 1047-51 (1948). 
Gomorl, G.; A modification of the colorimetric phosphorus determination for uAe 

with the photoelectric colorimeter, J. Lab. and Clln. Me d. , 27, 955-60 (1942). 
Gomori, G.; Assay of pancreatic lipase in serum, Am. J. Clin. Path., 27, 

170-82 (1957). 
Gomori, G.; The determination of amylase in small amounts of serum, Am. J. 

Clln. Path., 27, 714 (1957). 
Goodman, R.D. and G.-R. Kingsley; Sulfobromophthalein clearance test, J.A.M.A., 

153. 462-6 (1953). 
Goodman, L. and A. Gilman, The Pharmacological Basis of Therapeutics: 

McMillan Co,, New York, 1941, p, 23. 
Gorden, H. and N. L. Larson; Use of sequestrene as an anticoagulant, 

Am. J. Clln. Path., 23, 613-8 (1953). 
Gomall, A. G., C. J. Bardawlll and M. M. David; Determination of serum proteins 

by means of the biuret reaction, J. Biol. Chern., 177, 15~-66 (1949). 
Gradwohl, R.B. H., Legal Medicine: C. V. Mooby Co., St. Louis; 1954, p. 599. 
Gradwohl, R. B. H., Chemical Laboratory Methods and Diagnosis '(5th ed. ): 

C. V. Mesh Co., St. Louio, 1956, pp. 551-3. 
Greenberg, L.A. and D. Lester; A micromethod for the determination of acetone 

and ketone bodies, J. Biol. Chem., 154, 177-90 (1944). 
Haden, R. L. ; A modification of the Folin-Wu method for making protein-free blood 

flltrates, J. Biol. Chem., 56, 469-71 (1923). 
Hadley, G. G. and S. P. Weiss; Further noteo on uoe of salts of ethylene-diamine 

tetraacetlc acid (EDTA) as anticoagulants, Am. J. Clln. Path., 25, 1090-3 
(1955). 

Hall, W. W.; Drunkenness, naval medico-legal asJJects of the diagnosis, U.S. Navy 
Medical Bull., 34, 149-63 (1936). 

Hamilton, R. H.; Photometric determination of bromsulphalein in hemolyzed, 
lipemtc or icteric serum, Fed. Proc., ~. 258 (1947). 

Handbook of the Hoopital Corps, U.S. Navy: U. S. Government Pr.f.ntlng Office, 
Washington, D. C. , 1953. 

Hanger, F. M. ; Serological differentiation of obstructive from hepatogenous 
jaundice by flocculation of cephalin-cholesterol emulsions, J. Clin. Invest., 
~ 261-9 (1939) . 

Hanger, F. M. and A. J. Patek, Jr.; The cephalin flocculation test .in cirrhosis of 
the liver, Am. J. Med. Sci. 202, 48-52 (1941). 

344 



lleatzy. 1-'.C .. U1-w of polyvinyl alcohol in the colurlmclric udt:J·u•iu;•liun uf m:.wnc-
o 

slum ln plasma or Hcrum by mcana of Ut;m yellow. Can .• L ll•:H;:arch, 2~ 
295 (1948). 

Henry. U.J . • ·c . Sobel and S. Derkmann; On the determination of "pancreatic 
lipase" ln serum, Clln. Chern.,,;!. 77-89 (l9G7). 

Henry. U . J . • C . Sobel andM. Sca~love~ TurbidlmclrJc dctcrml11ation of proteins 
wlU• sulfosalicylic and trichloracetic acids, Proc . Soc . Exp. lllol. and M•~d. , 
92, 748-51 (1956) . 

Hepler, 0. E., Manual of Clinical Laboratory Methods (4th ed. ): Charles c. 
Thomas, Sprlngfleld, Ill., 1949. 

Hiller, A., J . Plazin and D. D. VanSlyke; A study of conditions for Kjcldahl 
determination of nitrogen in proteins, 176, 1401-20 (Hl46). 

Hoffman, W. S. and B. Osgood; The photoelectric mlcrodelermloatioo of nitrogen
ous constituents of blood and urio~ by direct Nesslerlz.atloo, J. Lab. and 
Clin. Mcd., 25, 856-62 (1940). 

Huerga, J. De la and H. Popper; Standardized reagenl'for thymol turbidity test, 
J. Lab. and Clio. Med., 34, 877-80 (1949). 

Huggins . C. and P.S. Russell; The determination of a1.0ylase, Ann. Surg. , 128, 
668 (1948). -

Hulett, G . A. and W. D. Bonner, A method for preparing standard hydrochloric 
acid solut1ons1 J_. Amer. Chern. Soc., 31, 390-3. (1909). 

Hunter, G . ; On the bromide test of permeablUty of the barrier between blood and 
cerebrospinal fluid- an assessment, Blochem. J., 56, 688-97 (1954). 

Hurley , F. H., Jr.; Borax as an acldimetrlc standard, Ind. and Eng. Cheni. 
(Anal. Ed.),_!, 220-221 (1936). 

Hurley , F. H., Jr.; Borax as an acidimetric standard. n, Ind. and Eng. Chern. 
(Anal . Ed. ), !. 23'1-238 (193'1). 

Karr, W. G. ; A method for the determlo.atlon of blood ~ea nitrogen, 
J. Lab. and Clln. Med., !. 329-33 {1924). 

Katzenelbogco, S. and T. Szarski; Improved colorimetric method for determination 
of bromide concentration in blood and cerebrospinal fluid, Pro. Soc. Exp. Bioi~ 
and Mcd., 32, 136-7 (1934). 

ICaye~ S. , Handboo!< of Emergency Toxicology: Charles C. Thomas, Springfield, 
nt .. . 1954, pp. 134-40. 

IOMI~ P.R. N. , and E. J. King; Estimation of plasma phouphatanc by determination 
of hydrolyzed phenol with amlno-antlpyrlne , J. CUD:. Path. , 1.. 322-6 (1954). 

King,. E. ,J. and D. 8. Bain; A simplified sliver iodate m~tf\od .for the determination 
of cMoridc, Blochem. J., ~ 51-3 (1951). 

KlugermaJt. M. R.; A simple and rapid calcuiaffon in Barker' a method for blood 
protellr-bound Iodine, Am. J. Clln. Patfw .. ,. 2"4r 490-5 (1954), 

Kunkel, H. G.; Estimation of alterations of seTWU gamma globulln by a turbidimetric 
technique, Proc. Soc. Exp. Blot. and' Med. ,. 66, 21'1-24 (104'1l. 

Levinson, S. A. and R. P . Mac Fate, Clinical Laboratory. Diagnosis (1st ed. ): 
Lea and Feblger, Pf:lladelphla, 1937, pp. 1'16-81. 

346 



Levy, M.S., M.ll. Puwcr and 1':. J. Kepler; The HJ)f!Cificlty of the "water-teot'' 
:ts ll dta,~auwtlc pa·ocedua·c In Addlson'n diHcaac, J. Clln. Endocr, and 
Mctabollfllll, Q, G07 -32 (194G). 

Long, 11. P., Modem Med., Nov. 1 (1954). 
Looney, J. M. and A. I. Walsh; The dclcrmlnatlon of spinal fluid protein with the 

photoclcctt·lc colorlmctct·, J. lllol. Chcm., 127, 117-21 (1939). 
~rl.en, F.; On lhc dctcrmlnaltou of" crcallnlnc in plasma by the .Jaffe reaction, 

after adsorption lo the Lloyds reagent, Scand. J. Clln. Invest., ,!, 325.-34 (1955). 
de Loureiro, J.A. and G.J. Janz; lodometrlc and colorimetric methods Cor the 

estimation of calcium fn serum based on the use of an improved permauwmate 
solution, Blochcm. J., 38, 16-9 (1944). 

Malloy, II. T. and K. A. Evelyn; The determination of bUirubln with the photoelectric 
colorhnctcr, .J. Biol. Chem., ill. 481-90 (1U37). 

Mandel, E. E., E. B. Lehmann and D. A. Paris; U.S. Public Health Service, Cum
mwtfcable Disease Center, ~·cderal Security Agency, March, 1950. 

Marett, T. H.; A simple o.nd accurate method for the determination of mercury tn 
biologic material! .J. Lab. nud Clin. Mcd., 28, 1611-4 (1943). 

McNally, W. D., Toxicology: Industrial Medicine, Chicago, 1937, p. 1. 
Mitzner, D • .M. i Drying volumetric glassware, J. Chom. Ed., !!, 609 (1956). 
Nelli, D. W. and R.A. Neely; The estimation of magnesium in serum using 

titan yellow, J. Clln. Path.,!. 162 (1956). 
Nelson, N.; A photometric adaptation of tho Somogyi method for the determ.tnatlon 

of glucose, J. Blol. Chem., ~. 375-BO (1944). 
Newman, H. W. and N.J. Aahcnburg; Chemical d1agnosi& of drunkeuess, 

U. S. NaVy Mcd. Bull., 44, 744-6 (1945). 
Offfclal Methods of Analyslo of the Association of OUiclal Agricultural Chemists 

('lth ed.), Association of Official Agricultural Chemists, Wasblftgtoa, D.C. , 
1950. p. 369. 

Owren, P.A.; Prothrombin and acceosory factors, Am. J. Mt:d., U, 201 (1063). 
Ozburn, E. E.; A rapid method for determiningmetl\yl alcohol J.a the blood ud 

body fluids, U. S. Navy Med. Bull.,~. 1170-3 (19-16). 
Parfentjev, I.A., et al; Determination of plasma fibrinogen by tu.rbldi~ with 

ammonium sulCate, Arch. Biochem., ~ 470-~0 (196~). 
Patton, J. and W. Reeder; Indicator for titration of calcium with (etf\ylenedlnJtrllo)

tetraacetate,- Anal. Chem., 28, 1026-8 (1966). 
Paum.z, L.; DJagnosts of amyloidotds by means of Congo red, ~r Orvoal 

Archlvu.m, 25, 499-502 (1924): Chern. Abs., 19, 1009 (1826). 
Peralta, 0. and J. G. Reinhold; Rapid estimation of amylase ac:Uvtty.of serum 

by turbidimetry, Clln. Chem. , !• 167-64 (1965). 
Peters, .J.P. nnd D. D. Van Slyke, Quantitative CUnical Chemistry (2Rd ed. ): 

Williams and Wilkins, Baltimore, 1946, Vol. 1, Cha.pt. 18. 
Powell, M. E. A. and M. J. H. Smith; The determln:ltion of serum aeld and alkAline 

phosphatase activity with 4-aminoantlpyrlne (AAP), J. Clla. Path.,.!. 246-8 
(1954). 

346 



Quick, A. J.; The determination of prothrombin activity, Am . .J. Clln. Path., 
!Q., 222 (1U40). 

Rehell, U.; A rapid clinical method for the determination of calcium In serum and 
other biological fluids, Scand. J. Clln. Invest., §_. 335-40 (1955). 

Richards, T. W.; Note on a method of stamlardlzing weights, J. Am. Chern. Soc., 
22, 144-9 (1900). 

Robinson, F.J., M. H. Power and E.J. Kepler; Two new procedures to assi.3t In 
the recognition and exclusionof Addislon's disease: a prellminary repar ~ . 

P•·oc. Staff Meeting of the Mayo Cllnlc, .!§_, 577-83 (1941). 
Roe, J. H. and CA. Kuether; The delennination of ascorbic acid in whole blood 

and urine through the 2, 4-dinltrophenylhydrazlne derivative of dehydroascorbic 
acid, J. Biol. Chern., 147, 399-407 (1943). 

Rosenberg, A. A.; Plasma fibrinogen determination; a rapid Utratlon method, 
Clio. Chern., !• 331-3 (1956). 

Rosenthal, H. L. and H. I. Cundiff; New biuret reagent for the determination of 
proteins in cerebrospinal fluid , Clln. Chern., ~. 394-400 (1956). 

Rosenthal, R. L., 0. H. Drcskln and N. Roacnthal; Plasma thromboplastin ante
cedent (PTA) deficiency: clinical, coagulation, therapeutic and hereditary 
aspects of new hemophllia-llke disease, Blood 10, 120 (1955). 

Rosenthal, S.M. and E. C. White; Clinical application of the bromsulphalein test 
for hepatic function, J. A.M. A., 84, 1112-4 (1925). 

Roughton, F.J. W. and P.F . 8cholander; Mlcro-gasometrlc estimation of the blood 
gases, J. Blol. Chern., 14S, 651-63 (1943) . 

Salter, A. and J. Hughes; Determination of thlori~en in biological fluids by the 
use of adsorption indicators, J. Bioi. Chem., :12.9 , 273-81 (1939). 

Sandell, E. B.; Colorlmetrlc microdetcrm'.nation o, arseni~ after evolution as 
arsine, Ind. and Eng. Chern. (Anal. Ed.), H, 83-3 (1942). 

SandeH, E. B., Colorimetric Determination of Traces of IJletala: (2nd ed. ): 
Interacience Publishers, Inc., New York, 1950. 

Schales, 0. and S. S. &hales; A simple and accurate .method for the determination 
of chloride in biological fluids, J. Biol. Chem., 140, 879-84 (1941). 

Schmidt, C. H., M. E. Hane and D. C. Gomez; A new anticoagulant for routine 
laboratory procedures, U.S.A.F. Med. J.;_!, 1556-62(1953). 

Bchoenheimer, R. and W. M. Sperry; A micromethod for the determination of free 
and combined cholesterol, J. Bioi. Chern., 106, .745-60 (19j4). 

Schaffert, R. R. and 0 . R. Kingsley; A rapid, simple mdhod for the determination 
of reduced, dehydro-, and total as<:orbic acid 111 bliological material, J. Biol. 
CheJQ., 212, 59-68 (1955). 

Schroeder, W.A., L.M. Kayanct"R:S. Mllls; Quantl~tlvedetet·minatlonofamino 
acfds by iodometric tltrattons of thelr copper salts, Anal. Chern., 22, 760-3 
(1950). 

Shank, R. E. and C. L. Hoagland; A modified method for the quantitative determina
tion of the thymol turbidity reaction of aeru,m, J. - Biol. Chcm., 162, 133-8 

(1946). 

347 



Shlllln~ • . '. . ami D. La!.lo; Hate of ~•-IJ.lary caldum t~xcrcllon follow~ng Intravenous 
lnfuKion, P•·ol'. Soc. t.:x,,_ Ulol. & Meu. , 78, 286 (1951). 

Shipley. n. A. and C . N . H. L()n,~ ; ~tudh.'H on the b!loticnlc activity of the anterior 
pituitary, lllochem. J., 32, 2:H2 (1!138). 

Sllverston~. 1-\A., ~l. llranufonurcner, N. W. :-ihock and M.J. Ylcngat; A~c differ
encea In Lite lntravcnouH glucose tole ranee tests and the response to Insulin, 
J . Clln. lnveat., 36, 50-l-14 (1957) . 

Sjoerd8ma, A., H. Wclssbach and S. Udcnfrlend; Simple test for diagnosis of 
metastatic carcinoid (argentaffinoma), J. A.M. A .• 159, 397 (1955). 

Smith, n. W. ' and J . If. Roc; A photometric method for the determination of a
amylase In blood and urine with use of the starch lodlne color, J. Blol. Chem. , 
179, 53-9 (1949). 

Smith, B. W. and J. H. Roe; The micro-determination of amylase, J. Blol. Chem., 
227. 357 (1957). 

Smith, L. E. and N. W. Shock; Intravenous glucose tolerance testa In aged ~les, 
J. Gerontology,_!, 27-33 (1949) . 

Somogyi, M.; Mlcromethods for the estimation of diastase, J . Blol. Chem., 125, 
399-414 (1938). 

Somogyi, M. ; A new reagent for the determination of sugars, J. Blol. Chem., 
160, 61-8 (1945) . 

Somogyi, M.; Determination of blood sugars , J. Blol. Chem. , 160, 69-73 (1945). 
Sperry, W. M. and M . Webb; A revision of the Schoenhelmer-Sperry method for 

cholesterol determination, J . Blol. Chem., 187 , 97-110 (1950). 
Steinberg, D., D. Baldwin and B. H. Ostrow; A clinical method for the assay .of 

serum glutamic oxalacetfc transaminase, J . Lab. and Clin. Med., 1!, 144-61 
(1956). 

Sussman, L. N., I. B. Cohen and R. Gittler; Serum prothrombin (prothrombin 
consumption test), J.A.M . A., lli· 673-75 (1954). 

Shwachman, H., E . Higgins and R . R. Dooley; A simple diagnostic test for muco
viscidosis: Sweat electrolyte studies, in preparation. Preliminary observa
tions presented before the American Academy of Pediatrics; October 5, 1954, 
Chicago, lll. 

Shwachman, H. and H. Leubner; Mucoviscidosis, Advances In Pediatrtcs, Year
book Publishers, Chicago, Vol. VII, 1955, pp . 249-323. 

Taussky, H. H.; A Irilcrocoloifmetric determination of creatine murine by the 
Jaffe reaction, J. Blol. Chem. , 208, 853-61 (1954) . 

Taussky, H. H. ; A procedure lncreaslng the specificity of the JaJife reaction for the 
determination of creatine and creatinine In urine and plasma, Cllnica Chimica 
Acta, 1, 210-24 (1956). 

Thienes, c-: H. and T.J. Haley, Clin.ical Toxicology (2nd ed.): Lea and Feblger, 
Phfladelphia, 1948. 

Thompson, H. L . , M. R. Klugerman and J . Truemper; A method for · protein-bound 
Iodine: the kinetics and use of controls In the ashlng technique, J. Lab. and 
CHn. Med., 47, 149-63 (1956). 

348 



Udenfril'nd, S., Jl. Wt'ist;bach and C. Clark; The estimation of 5-hydroxytrypta
mine (st>rolomin) in biological li~:~sucs, J . lliol. Chern., 215, 337-41 (1955). 

Udl•nfrtcnd, .S. ·, 11. Weia~:~bach and E. Titus; The identification of 5-hydroxy-3-
indolaccllc add in normal urine and a method for ita asBay, J. Dlol. Chelll. , 
216, 499-506 (1955) . 

Van de Kamer, J.ll., H. T . HuJnlnkand II. A. Weyers; Hapid method for the 
determination of fat in feces, J . Bioi. Chern., 177, 347-55 (1949). 

Van Pllsum and M. Bovls; Effect of various protein precipitants on recoveries of 
creatinine added to plasma, Clfn. Chern., ~. 00-4 (1957). 

VanSlyke, D. D.; A method for the determination of carbon dioxide andcarbonates 
ln solution, J. Bioi. Chem., 30, 347-68 (1917). 

VanSlyke, D. D. and G. E . Cullen; The bicarbonate concentration of the blood 
plasma ; Its significance, and its determination as a measure of acidosis, 
J. Bioi. Chern., 30, 289-346 (1917). 

VanSlyke, D. D. and J . A. Hawkins; Agasometric method for determination of 
reducing sugars, and its application to analysis of blood and urine, J. Biol. 
Chern. , 79, 739-67 (1928). 

Varley, H., Practical Clinical Biochemistry: Intersdence Publishers, Inc., 
New York, 1964, p. 324. 

Ventura, S.; Determination of the unsaturated iron-binding capacity of serum, 
J. Clio. Path. , ! . 2'/\l-4 (1952) . 

Watson, C.J. and S. Schwartz; A simple test for urinary porphobilinogen, 
Proc. Soc . Exp. "Bioi. and Med., £L 393-4 (1941). 

Webster , W. W .. Legal Medicine and Toxicology: W. B. Saunders Co., Philadelphia, 
1930, p. 318. 

West, E. S. and W. R. Todrl, Textbook of Biochemistry (2nd ed.): MacMillan Co., 
New York, 1955, pp. 485-7. 

Whitehorn , J.C . ; A system of blood analysis , J. BJol. Chem., 45, 449-60 (1921). 
Wilson, D. W. and E. G . Ball; A study of the estimation :<>f chloride in blood and 

serum, J. Biol. Chem., 79, 221-7 (1.928) . 
Wine r, J. H. and M. R . Mattice; Routine analysis of urinary calculi. A simple 

rapid method using spot tests, J. Lab. and Clln. Med. , 28, 898-904 (1942). 
Wroblewski, F. and P. Cabaud; Colorimetric measurement of serum glutamic 

pyruvic transaminase, Am. J . Clin. Path., 27, 235- 9 (1957). 
Wroblewski, F . and J. S. La Due; Serum g1utamic pyruvic transaminase ln cardiac 

and hepatic disease, Proc. Soc. Exp. Bioi. and Med. , 91, 569-72 (1956). 
Zieve, L., E. Hill, M. Hanson, A.B. Falcone and C.J. 'Watson; Normal and 

abnormal variations and clinical significance of the one-minute and total serum 
bilirubin determinations, J. Lab. and Clln. Med. , '38, 446-69 (1951) . 

349 



INDI:'X 

Absolute tempcr.tture ~3 l~ .. o.i .. o add J 93 
Accelcjralor globulin 244 Ammonia, ·t!'lne, method 267 

accelerln 324 !~ .tcld-l·r. se equilibrlu.m 321 
Aceto-pcctlc acid Amy•.ase 97,101 

effe,ct on acid-base balance 322 Amyloidosi J 

Acetone 83 Congo red test in 168 
Acetylr-chollnesterase 165 Analysis 
Acids, bases and buffers 39 general methods of 3 

definitions 39 control 316 
pH, calculation 42 statistical 317 

definition 40 Analytical balance e 
scale 40 Anemia 304 

prl~ry standards 20 serum iron in 191 
water, Ionization of 39 iron-binding capacity ln 200 

Acid-Base equ1librium 129,321 Anions, non-volaUle 
alterations 1n 322 in acid-base equtltbrtum 322 

Acidosis, co2 in 130 Anterior pituitary disease 
Acromegaly, glucose tolerance 184 glucose tolerance In 184 
Acute abdomen, acetone in 84 17 -keto-steroids In 206 
Acute Infection , fibrinogen ln 178 Anti-coagulants 
Addison's disease circulating 328 

acid-base equilibrium in 322 laboratory use 73 
glucose tolerance In 164 therapeutic 328 
Kepler-Power water teat In 85 
17-keto-steroids In 206 Anti -fibrinolysin 326 

Adrenal cortical malfunction Anti-hemophillt globulla 324 
glucose tolerance in 184 Anti -thrombin 326 
17-keto-steroids In 206 Anti -thromboplastin 326 

Adrenal insufficiency test 85 Apparatus 
Albumin, and A/G ratio 237 colorimetric 48 

effect on thymol turbidity 257 gasometric 132a 
Albuminuria 304 photometric 58 

Alcohol, ethyl 68 volumetric 11 
intoxication 90 Argentimetrlc primary standard 23 

Alcohol, methyl 91 chloride method's 147,148 
Alcoholism, chronic Arsenic 279 

magnesium in 210 Ascites 304 

Aliesterase 165 Ascorbic acid 103 

Arkalt reserve 130 saturallon teat 106 

Alkalosis Aub diet 
co2 in 130 for calcium balance studies 125 

350 



l'·•l lanct:t:, L.v~·u, opl! 1·attun 
\\'l' t,~hlu, ca lib1·alion 

ll.uml mdauulit: 1·ate 
Jl roll!! n -uum\<1 lo<l inc in 

llaucs, aci<IH and buffers 
primar·y t:1landards 

llarbltun\lcs 
paper chromatography 
Rr (!.able) 

Beer's Law 

5 
7,10 

19a 
a9 
22 

287 
292 
293 

49,55 
341 Bibliography 

Bicarbonate, 
Bilirubin 

in acid-base balance 321 
10'1,304 

types 
micro-method 

Biuret methods, protein 
"Blank", photometric 
Blindness, due to methyl alcohol 
Blood, coagulation of 
Blood collection 

anti -coagulants, various 
capillary 
centrifugation 
change a upon storage 
choice of sa~ple 
errors in sampling 
freezing of serum 
hemolysis, prevention of 
plasma 
preparation of, for analys1a 
serwn 
"Vacutainer" tubes 
venous 

Bloor method, for cholesterol 
Bodansky, phosphatase unit 
Bone disorders 

phosphatase in 
Boutwell, urea method 
Boyle's Law 
Bromide 
Bromsulfalein 

clearance 
extraction analysis 
Interferences 
tolerance 

107,187 
109 

236,237 
56 
92 

324 
70 
73 
70 
71 
74 
72 
74 
76 
11 
72 
72 
72 
75 
70 

152 
225 

221,227 
264 

61 
110 

112,304 
115 
114 
112 
112 

351 

BuHe1·u, add:~ anti baucu 
calc:ulationH 
table of 

3"9 
a7 
47 

Calcium 
balance ul.udy, diet (Aub) 
balance l.cul. 
in con~nlation 
in disease stales 

118,127 
125 
123 

123,243,324 
122,305 

Calculations 
colorimetric 
casometric 
photome.tric 
volumetric 

Calculi, urinary 
Calibration, of photometer tubes 
Capillary, blood collection 
Carbon Dioxide 

acid-ba~:>e balance 
acidosi~ and alkalosis 
volumetric correction table 
chloride shift 
collection for 
Hamburger effect 
manometric correction table 

Carbon monoxide 
Carcinoid 
Carotenemia 
Cephalin flocculation 
Central tendency 
Centrifu.gation of blood 
ChangeB during storage 

blood 
urine 

Charles' L41N 
Chloride 

in acid-base balance 
argentimetric methods 

adsorption indicator 
thiocyanate indicator 

mercurimetrlc method 
protein effect In 

shift (Hamburger effect) 
Cholesterol methods 

In di.sease states 

50 
61,129 

67 
32 

300 
330 

70 
129,304 
129,321 

130 
132 
134 
129 
134 
138 
140 
186 
187 

144,309 
317 

71 

74 
68 
62 

304 
321 

147 
148 
145 
146 
134 

152,154 
154 



C hollncHl•Ji·aHc lGfi Cupruporphyrin 233,235 
"Chl·fsltn.lH" dltmasc 326 C n•alinuu: 159,160 
Chromalot~nlphy cl <:a rau ct~ 163 

of barbiturates 292 simple bloutl tcul for 295 
of amino acids 96 spec lftc lty 159 

Circulating anti-coagulants 328 C rca tine, and creatine-phosphate 162 
Cirrhosis Crctinflmt 

coagulation defects 326 protein-bound Iodine ln 193 
thymol turbidity In 257 Cuahlng's syndrome 
transaminase in 263 glucose tolerance in 184 

Citrate, as anti -coagulant 73 Cystic fibrosis of pancreas 
intoxication 123 sweat electrolytes In 151 

Classification Cystinuria, amino acids ln 96 
of esterases 165 
of fat In feces 170 Dalton's law 64 

Cleaning of volumetric glassware 12 Definltlons 
Clearance acids, bases and buffers 39 

creatinine 163 volumetric 11 
urea 310 Dehydration 304 
uric acid 310 acid-base equillbrlum and 322 

CILnlcal Interpretation (table) 305 Density, optical vs. transmittance 
Coagulation of blood 324 (table) 336 

calcium in 123 Deproteln1zation and principles of T6 
defects and diseases 326 of serum 78 
schema (Owren) 324a Diabetes mellitus 304 
synonymy of terms In 326 acetone In 84 

Coeliac disease acid-base equUibrlum In 322 
fat In feces in 173 cholesterol In 154 

Collection glucose 1n 182 
of blood 70 glucose tolerance In 184 

for carbon dioxide 129 Diabetes insipidus 
of feces 68 Kepler-Power water test In 86 
of urine 67 Dia.rrhea 304 

Colorimeter, use of 51 aC'ld-base equUibrlum in 322 
Colorimetric analysis 48 Dicoumarol 328 

calculations, problems 36 poisoning 327 
pH determinations 44 Dispersion 317 

limitations of 46 Drying of volumetrt'c glassware 131 
techniques, apparatus and 

calculations 48 Edema 304 

Congo red lest 158 EDTA (cthylenedlamln_etetraacetlc 
Control procedures and analyses 315 add) as fllltl-coagulant 73 

types of variability 316 Ehrlich's reaction 
Conversion formulae-temperature 6.3 for porphoblltnogen 229 
Convcrtln 324 

352 



mel"trolytcs 304 Olucoac in hlood 181 
convc.•t•ttlon factors (table) 322 true blood Hu~ar 182 
ln sweat 150 simple bloud tcHt for 295 

Electt·omctrlc methods for pH 46 vnrlntlons In disease 18.ol 
Errors In blood collection .,. Olucoao tolerance 183 
Esterase 184 varlntlona in disease 184 

c lasslflcatlon 165 
Estrogens 168 Haden, method of doprotetnizatlon 77 
Ethyl alcohol 88 Hamburger effect (chloride ehlft) 134 

lledultn 328 
"Factor" use of Hemochromatosis 19'1,200 

in secondary standards 30 Hemoglobin 304 
Fanconl syndrome, amino acids in 98 Hemolysis, prevention of u 
Fat In feces 1Tl Hemophilla 326 

classification and diseases 114 Hemorrhagic disease of new-born 3aT 
Feces collection technique 68 Hemosiderosis 
Fibrin 324 lron-blnd!ng capacity in 200 
Fibrinogen 324 Henry's law 64 

methods 175, 11'7 Heparin '74,328 
deficiency 321 Hepatlc disense (aea also Liver 
and sedimentation rate 178 disease and Liver function) 

Flbrinokina&e 326 amino acids In 270 
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zinc turbidity In 273 

Rickets, calcium ln 123 
phosphatase in 221, 227 
phosphate In 22'7' 

Salicylic acid 249,309 
Secondary standards 27 
Sedimentation rate 296, 304 

and fibrinogen 178 
Serotonin 

5-Hydroxylndolaceti•. acid 
Serum.· collection 

dep rotelnlzation 
freezing 

Serum prothrombin 
Scarlet fever, zinc turbidity in 
Schoenheimer and Sperry 

cholesterol method 
Shank-Hoagland turbidity units 
Slllconizing, prothrombin tubes 
Slmmond's disease 

. glucose tolerance ln 
Simple blood test 

calibration table 
creatinine 
glucose 
"H" ilocculatlou 
icterus index 
sedimentation tate 

Slide rule, ut~e of 
Sodium and potasalum 

flame photometry 
ln acid-base balance 

185,186 
72 
78 
75 

248 
273 

154 
330 
247 

184 
294 
297 
295 
296 
296 
296 
295 
333 
304 
250 
321 

Sodium hydroxide 0.1 Nand Z. 5J! 
Sodium thiosulfate, 0. 1 N 
Solutions, preparation of 
Somogyi, deproteiniz.atlon method 

28,30 
29 
19 
79 

357 

tipinal fluid 
l:ipruc, fecal fal In 
Stanuard condltlrms, gaHomelrlc 
Standard deviation, stallstlcH 
Standal'd reference texts 
Standards, pH, Me Ilvaine 
Standards 

primary 
secondary 

Standardi:t.atlon, techniques of 

312 
174 

61 
317 
340 

45 

20 
27 

22,28 
29,32 

Starch solutions, preparation of 31 
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• Ca L\ La-~ Kf Ti w ~ Oa Ir Pt All "' Tl Pb Bl Po A: 1b 
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INTt:llNl\TIOI'It\1. 1\ 'i'OMIC w~:1< :UT:l 

1 ~·!; h 

Atom!c. Alomk Atomic At.omlr. 
Symbol Num!Jt:r Wol,;ht :iymbol NumhP.r W~1 .tht 

Acttnlum Ac 8!1 227 Mcccury llg ao 200.6 i 
Aluminum AI 13 ·26.:18 Moiyh•lcnnm }{G 42 95:95 
Am~rlchtn\ Am ItS (24J)• Hcodymlum i.lici 60 144. 27 
Anlltnony Sb IH 121.70 Ntlon No Hi 2·). )8:1 

Argon A 18 3!i . 944 Ne11tunlum Np 93 (23'o') 
Arnonle As :t3 74 . 91 Nlc!kcl ~~ ~a 68.71 
ARintlnc At 95 (211) Niobium Sb 41 92. 91 
Dnrtum Da 56 137.31 Nllrogc:1 M 7 14. 008 
nc rl< rlltnn Dk 97 Nobelium No 102 (253) 
DP.t·ylllum Be 4 9.013 Osmium Oe 76 190.2 
ntnmuth 81 83 209.00 Oxyger.. 0 8 16 
Boron B 5 10.82 PnUndlurn Pd 46 106.7 
Bromine Dr 3& '19.916 Phosl>horue p 16 30.975 
Cndmlum Cd 48 112.41 Platinum Pt 18 195. 09 
Calcium Ca 20 40. 08 Plut.onlum Pu 94 (242) 
Cnllfornlum Cf 98 Polonium Po 84 210 
Cnrbon c 6 12.011 Potnaalum K 19 39. 100 

Cerium Ce 68 140.13 Praseodymium Pr 59 140.92 

Cesium Cs 55 132. 91 Promethium Pm 61 (1-45) 

Chlorine Cl l'l 35.457 Protnctlnlum Pa 91 231 

ChromJum Cr '24 52.01 Radium na 88 226. 05 

Cobalt Co 27 68.94 i\adOil Rn 86 222 

Copper Cu 29 63.54 rutenlum Re Tli 186 ~2 

Curium Cm 98 (245) Rhodium Rh 4~ 102 91 

Dysprosium Dy 66 162.61 Rubidium Rb 37 85.48 

Einsteinium E 99 (254) Ruthenium nu 44 101. 1 

Erbium Er 68 167. 2'1 Samarium Sm 62 150. 35 

Europium Eu 63' 162.0 Sonndlum Sc :u 44.96 

Fermium Fm 100 (262) Selenium Be 34 78.96 

Fluorine F 9 19.00 Sill co~ Sl 1( 28.09 

Francium Fr 87 (223) 9llver ~ 4T 1C7. 880 

Gndnllnlum Gd 64 167.26 Sodium NR 11 22.991 

Gallium Ga 31 69.72 Stro1tUum Er 3S 87. IJ3 

Germnnlum Ge 32 72.60 dulft1r s 18 32. 066 

Gold Au 79 19'1. 0 Tantalum lll n 180.95 

Hafnium Hf 72 118.68 Te·~hncllum Tc 43 (99) 

Helium He 2 4. 003 Tellurium Te 52 127.61 

Holmium Ho 67 164.94 Terbium 1b 65 168.93 

Hydrogen ·n 1 J. 0080 Thallium Tl· 81 204.39 

Indium In 49 114. '16 Thorium ".lt 90 232. 05 

Iodine I 53 126.91 Thulium Tm 69 168 94 

lrldJum lr 77 192.2 Tin Sn 50 118. '10 

Iron Fe 26 ~.65 Titanium Tl 22 47 90 

Krypton Kr 36 83.8 Tunga len w 74 183. 86 

Lanthanum -La 67 138.!n Ul'lmlum u " 238. 07 

Lead l>b 82 207. Zl V:madlum v D 50.95 

Lithium 'LI 3 6.940 Xenon Xe 54 131. 30 

Lutetium Lu '11 174.99 Ytterbium Yb 71 173. 04 

Mngnenlum Mg 12 24.32 Yttrium y 39 88.92 

Mnngnnr.11e Mn 25 54.94 Zinc Zn 30 65.38 

Mendelevium Mv 101 (256) Zlrcor.lum Zr 40 !H.22 

• A vnluo given In brackets dcnolea the mnes number of the Isotope of longest kr.own hnlf-llfe. 

I Synthcel7.crl In 195'1 . 
11, /'t, caJYt-:HNMt:N1 l'lti~1'1NG ll .. tK ' E : lq ., , ll - "1~1·\ 

360 9 4 3-50 1 


